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ABSTRACT

Multi-band remote sensing provides a means of obtajning
signatures for natural earth ohjects and backgrounds. The Terrestrial Sciznces
laberatory (CRJ), Air Force Cambridge Research Laboratories (AFCRL) collected
multiband data from four humid tropical enviroments in Puerto Rico. The
Cornell Aeronautical Laboratory, Incorporated (CAL) collected field data and
performed a limited quantitative analysis toward the nobjective of defining
terrain signatures. Irradiance, spectral reflactance, surface temperature,
so0il moisture, soil granularity, airvr temperature, humidity, wind speed and
direction measurements and ground photographs were obtaincd. The limited
analysis resulted in the development of bi-band methodology for determing

whetiier variations in film image density of soil are caused by surface moisture

or surface structure. If the ratio of the average exposures (low/high) of two

images of soil in the blue region of the spectrum ( ~ .50 3} is equal to or
greater than their exmosutve ratios in the near infrared ( ~ 0.8Q/A } the
difference is attributavle to surface structure; if less, ihen the cause is
surface moisture. The results also supggest that for surface structure, the
absolute value of the ratio can lLe related to the amount of textural difference
between the surfaces, It is concluded that an electro-opticai multi band
analysis system using bi-band techniques can be developed to facilitate the
Air Force engineer's task of terrain apalysis and at the same time provide him
with the tools necessary to cxtend the utility of multi band remote sensing to

obtain spectral signatures for other earth objects and backgrounds,
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GLOSSARY OF TERMS

Remote sensing of the terrain is truly a multi discipline art

and/or science. 1- is practised by geologists, peographers, engineers and

military intelligence analysts. Research efforts often involve physicists

and psychologpists as well. Because terms used in one discipline are often

used in other disciplines but with different connotations, a glossary of

terms is generally useful in reporting results.

This report was prepared by a civil engineer with a background
in image interpretation and the phvsics of image formation. which is reflected

in many of the terms used in the report. Therefore, terms which may have

different connotations in different disciplines are defined below and under-
lined in the text.




Alluvial soil, beach sand There is arreement on peneral descriptor of
gravely clay, fine sand soils such as alluvial, sand, and gravel but
siltv clay there aie also significant geological differ-

ences between such soil classes. Therefore,
wherever a general term such as this is used
in this report, it 1s cross referenced below
to the appropriate appendix in which more

specific information can be found.

Soil Text Page Appendix Page
Alluvial soil ;olosco Clay 16,18,21 R-16 Location 7
Beach sand Palm Sand 16,18,24, B-9, B-10
25 Location 2
Gravely clay Yaucoa Clay 23,24,25, B-28 (Yo)
‘ 26,28,20
Fine sand Guayabo fine 23,24,29
sand
Silty clay Coloso Clay  25,28,290  B-16 Location ? L
Beach sand Palm Sand 39,40,41, B-9 Location 3 ‘
47 .
Pasture grass -- 41 B-18

{Note: Species could not be identified
because of heavy grazing condition)

MANGROVE

Micron (4) The term micron used in this report is a unit
of length equal to 10°% meters or 107 milli- !
meters., It has been comionly used as a measure
of the wavelength of energy in parts >f the
electromagnet spectrum in which remote sensors
operate. Because other terms(zs) are als»>
used for this same unit of length a conversion

table is presented below. 4

meters millimeters

micron 1078 1073 micrometer
.. -9 -
millimicron 10 ° 10 6 nanometer
-10 -
angstron 10 ! 16 7 --

vi
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Pasture grass, mangrove

Pasture grass

Mangrove

Stabilized beach

Term

Surface Moisture

There is aprcement on jpencral descriptors of
vegetation but there are also significan®
botanical! differences hetween such verctation
classes. As 15 eaplained in the appendices,
species were not sdotemmine:! on this efforr,
but other details are presented and cross

referenced below,

Text Appendix
41,4340 B-18
43,45 Be14, 16

A water deposited sand whose surface has
been wholly encroachied by vegetation {grasscs,
vines, wooady plants and palis trees) to the

degree that no cresion by wind ¢an occur,

The area of watci surfaces present on a
terrain surtiace and within the arca of a
cround resolutior clenent of a remote sensor.
This water may occur in a wide variety of

[ RN

farms such as-  a) rud i depressions
in the ground surface: ) water trapped betrween
soil graine av the surface or water droplets

on vegetation,

Surface moisture is not svnomomous with the
term soil moisture which imagpe interpreters
usc to define an imape that thev judge is a
wet soil on the ground. Areas of surface

moisturc which are on the order of the sign
of the ryound resnlurion ¢lement of a remote
sensor ar= not rccorded as an image which the

interpreter can identifv. An internrcter




Surface structure

requires on the order of five to ten such
elements together before he can recegnize an

image as a specific around object,

Surface moisture is not synomonmous with the

geologic term soil moisture content which

refers to the percentage of water in a sanmple
of soil by weight. However, it appears that
by using prior geologic knowledge of terrain
and bi-band remote sensing technigues reliable
relationships may be found between these temms,
so that soil moisture content can be deter-

mined by remote sensing.

Three dimensional variations in a terrain
surtace witnin the arez of 2 ground resolution
f a remote sensor. Such variations can be
caused by differences in vegetation height and
density, the nresence of boulders, cobbles, or
coconuts, or earth scars made by man. These
three dimensionai varistions in the terrain
surfaces affect both the s; :ctral distribution
and the intensity of the average radizace
dztected by a remote sensor in its ground
resolution element. However, they are not
recorded as specific images by the remote
sensnr; and therefore the term surface
structu~e is not synomonous with the image
interpreter's term soil texture, i.e., the
frequency of change and arrangement of (image)
tone as defined in Reference 14. Also it 1s
not synomomous with the texture of soil, as
defined in Reference 1Y, which relates to
laboratory sieve ana’y:i5 and other standard

soil tests te determin~ the distribution of

viii
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individual partical sizes in A soil sample.
, liowever, it appears that by using prior
geolozic knowledge of the terrain and bi-band .
remote sensing techniques reliable .elation- %
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1. INTRODUCTION AND SUMMARY

The United States Air Force has the very important mission of evaluating

terrain for engineering properties related to uses such as airfields or support

facilities development. Preliminary surveys especially in remote areas are

conducted using remote sensor data and photogrammetric and interpretation
analysis methods.

Muiti-band remote sensing techniques can provide new and more precise
information about the terrain to aid in the task of terrain evaluation,
spectral signatures for natural earth objects and backgrounds therefore is

a major objective of the USAF, and the ultimate objective of this effort.

On this effort, CAL sunported Terrestrial Sciences Laboratory of the Air
Force Cambridge Research Laboratories [AFCRL (CRJ)] by acquiring field data
from four humid tropical environments in Puerto Rico, which was used in a
limited analysis of multi-band remote scnsor data collected by AFCRL. The

field data contained in the Appendices of this report attest to the successful
completion of the support objective,

The most sigrnificant result obtained from the limited analysis was the
development of a bi band spectral technique to allow the image interpreter to

determine whether tonal differences of images of soil were caused by surface

moisture or surface structure, This result is considered significant because

it represents a step toward being able to measure soil moisture and granularity
remotely and thus predict bearing strength for facilities develcpment. It
also strengthens CAL's hvpothesis that the answer to the successful utilization
of multi-band data, remotely sensed, lies in the proper selection of a limited
number of spectral bands, of proper band width, whose spectral reflectance

ratios are unique. In 2ddition, it extends the usefulness of a bi-band spectral

signature technique deveioped by CAL for the basic surface features, water,
vegetation and soil.

The basic concept of spectral signatures is discussed in Section 2,
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followed by a brief discussion in Section 3 of the major factors in the remote
sensing system which affect the observed spectral signatures. Section 4
contains results of this effort with respect to the major factors described

in Section 3 including spectral irradiance, spectral reflectance, and sensor
limitations. The development of the gross signatures for water, soil and

vegetation is discussed in Section 5 followed by the Results and Conclusions
for the effort in Section 6.

Processed ground data collected during the effort and technical details
of the analyses are included in Appendices.
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2. BASIC CONCEPT OF SPECTRAL SIGNATURES

The remote sensor can only record the true energy per unit area from
an object as measured by ground instrumentati -n when the two measurement
systems have identical sensitivities, have identical geometries of source,
objects and detector, and have identical attenuztions by outside forces such
as the atmosphere. Since these conditions rarely exist in practice, the
energy recorded by the remote sensor is referred to here as the apparent

energy reflected or emitted by the ground object or background.

What the interpreter observes as image tone or density is a spatially
distributed and modulated representation of this energy. CAL has demonstrated
in a previous program quantitatively that the tone or density of an image
can be related to the average reflected energy from ground objects using
appropriate controls. Laboratory measurements of object surface spectral
reflectance (Refs. 1-5) have shown that differences in reflectance do occur
in nature between ground objects and backgrounds pertinent to variations
in object properties such as soil moisture. Therefore, if the apparent energy
is sampled in the appropriate spectral regions and displayed as spatial images
which the interpreter can recognize, the interpreter can extract information

pertinent to his task more rapidly than presently possible and in greater
detail,

For example, the interpreter using a grease pencil, stereoscope, and
overlay can outiine all the images of tree stands in a scene and by pl _metry
or the block square method, he can measure the area of ground covered by

trees. A comparison of such areas at several sites considered for the development

of an airfield could be the deciding factor in site selection.
Laboratory reflectance measurcments have established that vegetation

nas spectrally unique properties in two bands when compared to all other

earth objects; namely low reflectance in the chlorophyl absorption band at
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approximately 0.65// and high reflectance in the near infrared band at approximately .

¢.80 &

Using these spectral signature bands, CAL developed a methodology of
photographically preprocessing photographs taken in these two bands to produce
a third photograph which does not image vegetation (Ref. 1). Additional
research (Ref. 6) led to the development of an electro-optical preprocessing
technique which allowed the interpreter to eliminate areas of vegetation
selectively, based upon the absolute value of the reflected spectral energy
in these two bands. It was noted that grass and brush areas were separated
from tree stands by this technique so that a transparency could be obtained
which imaged only the latter. Therefore, areas of tree stands can be determined
readily by measuring the transmission of the transparency and the tedious,
time-consuming interpretation task of preparing grease pencil overlays for

mechanical measurements of area can be eliminated. o

The same methodology indicated above for vegetation was also applied
to images of soil (inciuding rock outcrops) and water bodies, the other two
primary natural objects or backgrounds which are present on the earth's surface.
The results indicated that for the two spectral bands used, transparencies
could be generated which would give the area distribution of both soil and
water,

The state-of-the-art of developing and utilizing spectral signature
data is in its infancy. The effect of the change of the true spectral energy
from an object sensed remotely, caused by the remote sensing system components
and conditions must be determined before efficient use can be made of the
spectral energy. These factors are discussed in detail in the following
section of this report. In Section 5 , Spectral Signatures, the basic concept 1
of spectral signatures described above is applied to spectral film obtained

on this effort and the significant results with respect to terrain analysis

by remote sensing are presented.
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3. FACTORS AFFECTING RLEMOTE SENSING FOR SPECTRAL SIGNATURES

To many, placing a band pass filter on an aerial camera lens yields
) a spectral, aerial photographic, sensing system that will produce a photo-
graph on which differences in image densities are attributable to the reflectance

properties of the ground chjects at this wavelength. To illustrate how the

validity of this assumption is affected by the other factors, Figure 1 has
been prepared to diagram a complete system.

The sun is the source of the energy for the system. 1its intensity and

spectral distribution have been the subject of much research culminating

in a generally agreed upon and useable standard by the scientific community
(Ref. 7).

The earth however, is surrounded by an atmosphere which attenuates the

energy from the sun as well as the reflected energy returning from ground

. objects (Ref. 8). These attenuations factors have also been the subject

of considerable research (Ref. 9); however, less agreement is found in the
scientific community regarding the attenuation effects of the atmosphere

than the intensity and spectral distribution of the sun outside our atmosphere.

The reflectance of an object is definea broadly in terms of the ratio
of the energy reflected by the object to the energy incident upon it. Since i
basically the reflected energy produces the image density of the ground object,

the density is therefore dependent upon the intensity and spectral distribution

of the incident energy. Some objects in an aerial photographic scene will

receive direct solar illumination whereas others, because of surrounding

taller objects, will receive indirect illumination (shadow areas). The intensity

. and spectral spectral distribution of the latter is extremely difficult to
predict because it is composed primarily of skylight (which depends on cloud
conditions) and the light reflected from surrounding objects. Finally, when
cloud shadows are present within the scene, objects are illuminated partially
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by direct illumination and partially by indirect illumination. Again, this

is a difficult illumination condition for predicting intensity and spectral

distribution. However, if a natural object of known spectral reflectance

appears in the photographic scene under each condition of illumination, the
differences in reflected energy for cloud and structure shadow conditions
relative to direct sunlight could be determined from the densities of the
images. As will be discussed in Section 4.2.6, vegetation has been considered
in this study as a potential! natural standard refle:tance reference.

The definition of object reflectance used above is very general. Most
real objects reflect energy differently in all directions, depending upon
surface geometry and the geometry of the source, object and detector. Real
objects are generally not ideal diffuse or specular reflectors. Laboratory
measurements of object reflectance are generally standardized, but do not
include the in situ geometry of the objects of interest or the specific geometry
of source, object and detector for all situations which are likely to be
encountered, Therefore, laboratory or even in situ ground mcasuremcnts of
object reflectance are at best a poor standard with which to judge the accuracy

or precision of measurements made using an aerial photographic system, as
will be discussed further in Section 4.2.1.

Finally, the photographic system itself affeccts the apparent reflectance
of a ground object as derived from its image density.

If the spectral filters are of the interference type employing dielectric 5

coatings, the transmittance peak shifts to shorter wavelengths with increasing

off-axis angles. This effect is generally small for objects close to the

axis of the system. For objects considerably off axis, corrections can be
applied if needed.

Sl

Gelatin filters between optical quzlity glass have essentially no effect

on image density in this respect. llowever, narrow band passes must be achieved

Yy combining two or more filters which can result in irnternal reflections

A Ty 1011
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which add to the flare light of the system. Gelatin filters unmounted tend
to wrinkle, introducing more flare and distortion than the glass-mounted
variety,

Lenses have some degree of transmission fall-off as the angle off-axis
increases. The effect on image density is small for good quality lenses.
Lenses are generally focused for imaging energy received in the red-green
portion of the spectrum. Multi-band serial cameras have independent lenses
for each spectral region sensed. Refocusing is required if such lenses are
to be used with blue or near infrared energy, in order to match the ground
resolution capability of each lens/film combination. Thus the same ground
objects will be imaged with the same degree of detail by each lens system
and the resultant image densities will be truly related to the object reflectance
properties in each spectral band.

The shutter characteristics of the camera are also important if quantitativs
reflectance data are to be derived from the imagery. The between-the-lens
shutter exposes every point in the photographic scene essentially simultaneously,
whereas the focal plane shutter exposes a line at a time as it moves acioss
the film format. The latter is undesirable because variations in the speed
of the shutter across the format introduces variations in image densities
across the format. In some cameras, these variations are severe enough to

cause visible density bands on the photographs.

Film processing can also be a source of major error, especially where
rewind processing is employed. The relationship between image density and
the exposure will vary considerably over the entire length of the roll of
film being processed. If continuous processing is used, errors of this nature

are minimized.

A scanning microdensitometer is generally used to measurc the densities
of images of gruund objects on the filtered films and is another important
consideration in deriving quantitative reflectance data. The scanning slit




aperture size must he selected which is of the proper sizc to yicld an average
value of deasity for the object of interest. If the object is large rclative
to the ground resolution element of the system and has no internal pattern

or structure, aperture .ize is not critical. However, most uwatural objects

of interest do have structure or internal patterns so that the averaging

effect of the aperture sclection must be considerad.

Obviously, therc are many factors which must be considered in a complecte
aerial spectral sensing system. Some of the factors considered abave are
also impcrtant with respect to scanning systems operating in the infrared
and ultraviolet such as the atmospheric attenuations, and film processing.
Different factors arc also introduced by changing the nrinciple of the sensor
system, such as the transfer function of the clectroni: components of such

systems.

Under this research effort, only spectral sensors operating in the visible
(V.4 microns to .7 micrens) near infrared (0.7 to 0.9 microns) and intermediate
infrared (3.0 to 5.0 microns) regions of the spectrum have been employed.
The factors dJiscusscd above were considered in every phasc of the effort
from the planning of the data collection program through the limited analysis
effort.
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4. RESULTS PERTINENT TO SPECTRAL SIGNATURES FOR NATURAL EARTH OBJECTS
AND BACKGROUNDS

Derining signatures for natural earth objects and backgrounds is the
ultimace objective toward which this research effort was directed. It was
planned that this effort would produce qualiity data and techniques for analyses
to derive signstures. The data contained in the Appendices of this report
and the films frem the spectral camera and infrared scanner attest to the
successful data coilection. Only one other such data banxk is known to exist.
(Ref. 10) The establishment of spectral signatures for water, soil and vegetation
confirms the value c¢7 the quantivative analytical techniques for deriving

spectral signatures.

4.1 Spectral Irradiance

On this effort CAL measured the relative irradiance changes throughout
tha test period. Figure 2 shows the results of these measurements compared
to a spectral irradiance curve used by others (Ref. 13). 7The details of
how these curves were derived are presented in Appendix A. In deriving ground
object spectral reflectance from film image density the difference in density
between an object of known reflectance and an object of interest is measured
as described in detail in Secticn 4.2.6, As long as both images are on the
same freme of photography and both in sunlight, the irradiance on both is
essentially the same, and therefore does not affect the measurement of relative
reflectance. liowever if the image of known reflectance occurs in one frame
and the image of interest is on a previous or subsequent frame irradiance
conditions could change and thus effect the measure of relative reflectance.
The relative change in irradiance not the a*w.lute change is significant.
Therefore, the relative changes in spectral irradiance for each wavelength

band were determined from the data for Figure 2 for corresponding changes

10
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in total irradiance, As shown in Figure 3 the changes in spectral irradiance
tend to follow the 45° correlation line, but variations as large as a factor
of 2 occur which could result in errors of the same magnitude in reflectance
calculations based upon a one to one correlation between changes in spectral
irradiance and total irradiance. In plotting these data it was noted that

in the blue region of the spectrum {+) practically all points fzll above

the one tn one correlation line suggesting that corrections to be used in
deriving ground object reflectance, and based upon a measurement of a change
in total irradiance would always be in one direction. Beyond 0.45// , each
band appeared to be below the correlation line for small changes in total
irradiance at low irradiance levels and above the line for changes greater
than .50 at high total irradiance levels. Changes in total irradiance greater
than .5 at totai irradiance levels on the order of 300 watts/ m2 or less
appear t0 lower the curve for high level irradiance so that all points fall
below the correlation line. The only spectral irradiance band in which changes
in spectral irradiance correlated well with changes in total irradiance was
the .6S/y band at high levels of total irradiance. Each set of wavelength

dependent data plotted in Figure 3, is replotted in separate figures (A 4
through A 11) in Appencix A,

Because only a limited analvsis could be undertaken of the irradiance data

collected the statistical validitv of the results given above can be challenged.

However, in view of the present trend toward the development of nultispectral
remote sensing systems for obtaining information pertinent to earth abjects
and backgrounds, it is necessary that the effects of changes in irradiance
be evaluated fully to design a workable analysis systenm. Therefore it is
recommended that research be undertaken to establish the degree to which

the results above can be generalized for other geographic areas, times of
day and sky conditions.

12
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4.2 Spectral Reflectance of Natural Earth Objects and Backgrounds

As pointed cut in Section 2, studies over the years have showr that
natural earth objects do exhibit spectral reflectance differences which
are of significance in terrain analysis. Therefore, many research efforts
have been undertaken with the ultimate objective of developing a remote sensing
system to exploit these differences. Mos. of these efforts have concentrated
on only one or a few of the numerous factors which affect the image density
of an object on aerial film so that results have been highly qualified. By
far the greatest number of these efforts concentrated on the measurement
of object reflectance., Inivially, such measures were made in the laboratory
because no field spectrometers existed. Such instruments were built, but
correlation of field measures to laboratory measures were infrequent. In
1966, measurements of the reflectance cf ground objects from the densities
of images on spectrally filtered photographs were made by CAL (Ref. 1). The
precision of these measurements was established as <+ 6% of the mean value
of reflectance. In addition, this previcus effort demonstrated the primary
reasons for lack of correlation between measurements of object reflectance

from film, in situ and in the laboratory.

The two major factors causing the lack of correlation are inherent differences

in the basic geometries of the measuring systems and of the surfaces of the
natural objects of interest. Under the present effort, where possible, object
reflectance was measured in the laboratory, in situ and from image densities
on filtered film exposed in an Itek multiband spectral camera. These data

are included in Appendix B.

4.2.1 Geometric Differences in Measurements

Magnesium oxide is the accepted standard for reflectance measurements
because its reflectance is high (~~ 98%), it is nearly independent of wavelength

and it is nearly a diffuse reflector (i.e., reflections from its surface

14
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obey Lambert's law (Ref. 11).

However, natural earth objects are generally not diffuse reflectors
and therefore their reflectance is dependent upon the geometry of the source,
object surface and detector. Therefore, measurements of object reflectance
(Ref. 12) at all source and detector angles relative to the surface are required
to define fully the reflectance properties of an object. The complexity of
a device for making such measurements with the precision of existing reflectance
instruments and the limited market for its use, has led manufacturers to
more or less standardize the geometry of source,surface and detector and

utilize an integrating sphere to collect all of the reflected energy from

the surface, which yields a single number for total reflectance. Some manufacturers

provide a means for deflecting most of the specular component out of the
system which then yields a measure of near total diffuse reflectance., The
geometry of the natural object, within the ground resolution element of
the aer.al camera system, influences the apparent reflectance of objects
as dete'mined from image density on film,

In general then, the geometry of the small surface areas sampled by
the laboratory equipment are not representative of the geometry of the surface
areas sampled by the resolution element of a spectral camera system or an
in situ field system. Thus strictly on the basis of geometric differences
in measuring systems, there is no reason to expect spectral reflectance values
determined in the laboratory, in situ, and from aerial image density to correlate
well. lowever, if the factors causing the apparent differences in object
conditions are defined, correlations will be possible. Therefore, three
basic experiments were conducted on vegetation and soil samples in the laboratory
to determine the effect of combinations in a finite sample area and the
effect of background on the apparent reflectance of vegetation.

These experiments
are described briefly in sections 4,2.2, 4.2.3, and 4.2.4.

15
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4.2.2 Soil-Vegetation in Fixed Sample Area

The energy received by an aerial camera and converted to an image density
depends on the reflectance properties of objects within the ground resolution
element of the system. Assuming the camera system has a ground resolution
element of area Arthe total energy reflected by several different objects

in the sample area can be expressed as follows:

BT A WA H R e e H Rk

where H e irradiance on area
s area
= reflectance

and the subscripts refer to different objects. Then the average reflectance

can be expressed as:

R <% +Mpr - 4R,

A, Ar 2 Ar

To check the validity of this expression, a milk weed leaf was placed
in the sample holder of a Beckman DK spectrophotometer and was backed by

an alluvial soil sample. The area A,now becomes the sampling area of the

spectrometer., Reflectance was measured with the soil surfa. completely
covered, 25% exposed, 50% exposed and 75% exposed and finally 100% exposed.
The results are shown in Figure 4 where the continuous curves are measured
on the Beckinan spectrometer and the computed values are shown as points.

As can be seen from the figure, excellent agreement is achieved from .S -
.6,1 ; however, considerable disagreement is noted in the far red (0.6,/ -
0.7f/ ) and the near infrared (0.7/u -O.%U ) regions.

A second test was conducted using a beach sand as a backing for a second
milkweed leaf sample, Very simiiar results were obtained as illustrated in Figure

5. Within the visible region of the spectrum (0.4// -O.au ) the basic vegetation

16
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1
curves are (100% solid line) identical within the precision of the spectrophotometer. :
Over the near infrared (0.7// -0.8//), the curve is on the order of 3-4%
higher than the curve shown in Figure 4.

This is attributed to a difference
in the

transmittances of the two leaf samples in this spectral region and

therefore indicates the need to consider the transmittance of vegetation

in determining the true reflectance of vegetation from spectral films. b

Both Figures 4 and 5 illustrate the effect on spectral reflectance of P

having two different types of objects in the ground resolution element of

the spectral camera system. In the case of the alluvial soil, a significant

spectral difference occurs in the band near O.SS,, because the reflectance
of the soil is approximately half that of vegetation. However, in the case

of the beach sand, this reflectance value is nearly equal to that of the

leaf in this spectral region (0.54 ») but significant differences occur below _
.SZ/V and beyond O.SSf/between the'soil and vegetation curves. Such differences L
might be utilized to differentiate between the twoc soil types, provided vegetation

type and distribution were the same, however the effects of soil moisture

conditions must be considered. These effects are discussed in Section 4,2.4.

The differences between predicted values of reflectance and measured
values are attributed primarily to having to remove the sample from the spectrometer
for each measurement, in order to remove 1/4, 1/2, and 3/4 of the leaf sample.
Thus slightly different areas of soil were expose:d each time, and the surface
structure change can easily cause the differences noted. Nevertheless, both
curves indicate that the effect of two dissimilar objects in the aperture

is to yield an area weighted average value of reflectance.

R e
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4.2.3 Vegetation Transmission

As indicated in the previous section, vegetation transmits, (Ref. 13}
as well as reflects, energy in the near infrared. To illustrate this point,
milkweed leaves were stacked over a backing of alluvial soil in layers of
varying thickness and the reflectance values were measured. The 1esultant

curves are shown in Figure 6.

Leaves generally absorb energy in the visible region of the spectrum
(0.4-0.7// ) to carry out their photosynthesis process. in the .7p - .9y
region less than 10% of the incident energy is absorbed so that reflected
and transmitted energy is generally appreciable (i.e. 30-60%). Thc transmitted
energy is then reflected according to the properties of the backing surface.
Upon reaching the bottom surface of the leaf, some is transmitted through
to be added to the first reflection and some is reflected back to the second
surface for additional reflection, transmission and absorption. lowever,
as the curves in Figure 6 show, a limit is reached rapidly. Since the aerial
sensor looks down on vegetation it essentially looks at stacks of leaves,
Therefor., if in real life the crowns of broad leaf trees and shrubs have
at least the minimum number of stacked leaves to reach this limiting reflectance
and the average number of holes in the crowns are the same in the greund
resolution element of the camera system, the reflectance as derived from

the image density or filtered film should be a constant,

Data such as the average number of leaves in a vertical profile of tree
crowns and the average number and size of holes in the crowns is not normally
obtained in a forest survey and was beyond the scope of this effort. Therefore,

the assumptions regarding these properties of veget.ition cannot be substantiated.
The only evidence that can be presented at this time which tends to

substantiate these assumptions is given in Section 5, Signatures of Earth
Objects and Background, where the majority of broad leaf vegetation is
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eliminated from an aerial photographic scene by using the reflectance properties
of the vegetation in a spectral band in the visible and one in the near infrared.
This would not be possible, if the reflectance properties of these large

areas of different types of vegetation were not the same in the two bands,

as measvred by the density of their images on the twc films.

Inasmuch as the terrain analyst in comparing sites for facilities developmen:
generally encounters vegetation and m:.t consider its potential as a construction
material, the cost of removal, the type of equipment required and many other
factors, additional research into how multi-band sensing can assist him is
recommended.

4.2.4 Soil Moisture and (ranularity

Judgments of scil moisture and granularity (surface texture) are commonly
made by photo interpreters. Moisture is judged by tonal differences in soil
images, whereas granularity is judged by the edge gradient of soil areas
which have been subject to erosion and the number and patterns of surface
drainage features present (Refs. 14, 15). Both moisture and granularity
are terrain properties of major significance with respect to site selection
and engineering evaluation because of their relationship to the bearing strength

of soil and the uscfulness of soil as a construction material.

Because of the general agreement of interpreters that soil moisture
variations are more readily identified by their uniquely dark tones on near
infrared photographs tnan on conventional visible light photographs it appears
that multi band photographs might yield a means of obtaining a signature
for soil moisture.

The spectral reflectance characteristics of soil samples collected during
the field exercises in Puerto Rico were measured on a Beckman DK-2A spectro-

photometer. The measurements were made on both wet and dry soil samples.

[
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The results agreed well with putlished data (4), and confirmed that when
moisture is added te a soil its reflectance is reduced. Appendix B contains

tables of these data and the scientific literature contains more sucnh data.

On this effort, however, limited experiments and analyses were conducted
which have resulted in a new hypothesis for determining remotely differences
in soil surface moisture content and structure, which may be related to sub-

surface moisture content and granularity.

To determine what happens to the refliectance nroperties of a soil when
water is added a dry sample of sand was placed in the magnesium carbonate
standard position in the Beckman DK-2A spectrophotometer. A second sample
was placed in the sample position. both in bottle holders. Several measure-
menis were made and the sampie shifted in position to obtain a constant output
of 100%, which indicated the samples were therefore identical even with respect
to surface structure. Water was then added to the zample bot:ile and the lower

cuvve shown in Figi're 7 was obtained.

The fact that the largest difference occurs in thz bluc sreen rarher than
the near infrared indicates that absorption is ot the major mechanism causing

the change in reflectance, but instead a dispersion effect must be the cause.

It was also not d that the ratio of reflectance at (.50 microns was appre~
ciably lower tlian the ratio at (.80 microns at which point a maximum occurred.
Ratios were therefere computed for two other 3o0ils, gravelly clav and
fine sand, and the resultant corves are shown on Figure 7, and as expected

do fol . the measurcd ratio curve.

Thus, if a terrain analyst judges two areas of the same soil have different

image densities because of differences in surface moisture content, given
the proper equipment, ne can measure the spectral reflectance ratios from

multi-band image densities and determine juantitatively whether or not

23
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the ratios follow the shape of the reflectance ratio curve.

Since the cbserved density difference could also be caused by differences
in surface structure, or differences in the amount of vegetation present
it is necessary to determine how such differences behave spectrally in order to
determine which is the cause of the differences in the image. In the case of
vegetation, as can be seen from Figures 4 and 5 of Section 4.2.2, several
interesting changes in the spectral reflectance ratios of two apparent soil
areas of different densities on panchromatic film (0.40// - 0.68/U ) c¢an occur
First, if the soil is a high reflectance soil such as the beach sand shown in
Figure 5 the vegetation will cause a maximum to occur in the spectral ratios
at 0.55 microns whereas a minimum will occur at about .65 microns. In the case
of a low reflectance soil such as the alluvium shown in Fijure 4 a maximum
will still occur at .55 microns, however, it will be greater than 1.0 because the
soil reflectance is lower than the vegetation reflectance in this band. The
minimum will still occur at 0.68 microns regardless of soil type, because this
is the major chlorophyl absorption band for vegetation, where reflectance is
generally always lower than for any other object. Therefore, to determine
whether or not vegetation is the cause of the density difference the interpreter
observed between the two images he believes to be soil areas he can compute
the ratios of reflectances in the .65 micron band and the .75 or 0.80 micron
band for multi-band negatives and if the latter is greater than 1.0 and the
former less than 1.0 he is sure vegetation is the cause. Recall that in the

case of moisture differences the ratio in blue and red bands will be less
than 1.

The granularity, or more realistically speaking, the surface structure of
s0il, also alters the apparent density or tone of a soil's image on aerial
photographs. The coarser the surface structure, the more light traps are
present, and the lower the apparent reflectance of the surface. This is
illustrated in Figure 8 where the diffuse reflectance of graded aggregates
from a graveliy clay sample was measured. A sample of silty clav
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was also subjected to this same treatment with the same effect was noted.
Therefore, it was assumed that the effects was independent of the soil type.
To validate this assumption, the ratios of the spectral reflectance of each of
the graded aggrates in sieves 1| (42mm), 2 (1w -2mm), 3 (0.5mm -1y . .
4 (0.25mm - 0.5mm) and 5 ( 0.125mm- 0.25mm ) to the spectral reflectance i
of the smallest graded aggregate in sieve 6 (0.125mm - 0.062ms) weTe

computed for both soils. If the assumption of independence with respect to soil
type is valid these ratios of reflectance should be equal for each soil type.
The results are presented in table I below. In addition, if the ratios for the
silty clay are plotted against the corresponding ratios for the gravelly clay
soil they should fall along the one to one correlation line as shown in Figure
9. Considering the limited data sampled and the fact that even after sieving

a soil sample there is a distribution of aggregate sizes within each graded
sample, the correlation of ratios suggests that indeed the effect of soil
structure on soil reflectance is independent of soil type. These results

also suggest but do not prcve that the density differences caused by structure

is independent of wavelength for small differences, but wavelerngth dependent
for large differences.
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GRADED AGGREGATE REFLECTANCE RATIHO
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Figure 9  CORRELATION OF REFLECTANCE RATIOS FOR GRADED
AGGREGATES OF TWO DIFFERENT SOIL TYPES




Table I Ratios of Spectral Reflectance for Graded Aggregates

of Two Different Soil Types

Silty Clay Gravelly Clay
Sieve Nos. 5/6 4/6 3/6 2/6 1/6 5/6 4/6 3/6 2/6 176
Wavelength Spectral Ratio in Percent
.50 0.86 0.75 0.71 0.68 0.6l 0.85 0.75 0.80 0.75 0.70
.55 0.87 0.73 Q.70 0.67 0.60 0.84 0.71 0.71 0.68 0.61
.60 0.91 0.72 0.69 0.66 90.59 0.87 0.74 0.71 0.66 0.58
.65 0.88 0.73 0.68 0.68 0.56 0.83 0.71 0.69 0.64 0.57 .
.70 0.86 0.75 0.69 0.69 0.56 0.87 0.72 0.70 0.63 0.57
.75 0.90 0.74 0.69 0.67 0.54 0.87 0.72 0.68 0.62 0.56
.80 0.88 0.74 0.69 0.67 0.52 0.8¢ 0.72 0.66 0.6c 0.55
.85 0.89 0.75 0.68 0.68 0.52 0.85 0.72 90.66 0.62 0.55
.90 0.89 0.74 0.67 0.70 0.52 0.85 0.70 0.66 0.62 0.55
Ratio of 2 4 8 16 32 2 4 8 16 32

Sieve Sizes

Therefore to determine whether two soil images diffe because of surface
moisture or structure, one merely measures the spectral ratios of the two
soil images in the blue region of the spectrum and the near infrared spectrum
as described previously for moisture. 1f the latter is larger than the
former, the cause is moisture, whereas structure will result in equal ratios
or a larger ratio in the blue than in the near infrared. For differences
caused by vegetation a red and near infrared band are used and the ratio

will be less than one in the red and greater than one in the near infrared.

ot
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Once the cause of the tonal difference is determined, the absolute value
of the ratios become significant, It appears from the data in Table I that
for granularity, a ratio on the order of 0.85 to 0.90 indicates a factor
of 2 difference in granularity, a ratio of 0.70 to 0.75 of factor of 4; a
ratio of 0.65-0.70 a factor of 8; a ratio of 0.60-0.65 a factor of 16 and
a ratio of 0.55 to 0,60 a factor of 32.

It appears that indeed multiband quantitative analyses can yield signifi-
cant data for the terrain analyst with respect to soil moisture and surface
structure (granularity). The key appears to lie in the understanding of
the ratios of reflectance changes across the visible spectrum, not the absolute
values. The results of this limited analysis are indeed encouraging and

indicate additional research i. warranted.

4.2.5 The 3-S5 Micron Spectral Region

The 3-5 micron spectral region in the infrared can provide the Air
Force terrain analyst with useful information relative to the thermal properties
of natural earth objects and backgrounds. Maps based on data collected in
the 3-5, spectral band showing evidence of emissions in regions having hot
springs or volcanic activity are presently a reality. However, because of
a lack of knowledge of the emissivity properties of terrain features and
the effects of the atmosphere, moisture content and geometric structure on

the recorded imagery the full value of the information sensed is being limited.

The quantitative analysis approach used on the multiband photographic
system if applied to the data from the 3-S5 micron region offers a means of
acquiring the knowledge necessary to utilize fully the information contained
in this band. As with the multiband photographic system controls are required
to relate image density to radiance. Appendix D describes ir detail CAL's
approach to establishing the required controls. Sufficient analysis of the
data has been donc to verify that the control: used during the field tests

in Puerto Rico were adequate.
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Two water trays {20 feet by 20 fecet by 4 inches) were used as control
targets (objects of known radiance) in the field. A 3°C temperature difference
was maintained between them during data collection periods. The analysis
indicates that a significantly larger difference is desirable to improve

the precision of the derivation of the image density - object radiance relationship.

The fact that controls were cstablished, under ficld conditions, which
would allow a quantitativc assessment of earth object radiance in this spectral
region is a significant achievement toward the objective of full utilization

of the information contained in the 3-5 micron spectral region.

4,2.6 Reflectance Standards

The terrain analyst is primarily interested in tonal differences between
two otherwise similar images and the area extent of the differences. These
differences represent such factors as the amount of timber requiring clearing,
good timber for construction, areca of shrub versus trees, distribution of
surface moisture, distribution of rock outcrops, distribution of near surface
rock, and many others. Many of these differences are expected to have spectral
signatures but are either toc subtle for the interpreter to detect or if
detectable are used only for a qualitative judgment of their significance.
Therefore, he must be aided by the use of a spectral densitometric analysis
procedure which standardizes the properties of objects he recognizes, presents
enhanced visual displays of the subtle densitometric differences, and allows
a quantitative measurement of the observed differences. Quantitative spectral
reflectance data can be derived from photographic imagery by an absolute
method which requires an abso'ute measure of the spectral irradiance on an
object, an absolute measure of the attenuation of the reflected energy, by
the atmosphere, the camera system, the film processing system, and the densitometric

analysis system. On the other hand, quantitative spectral reflectance data

can also be derived from photographic imagery by a relative method, provided
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the reflectance properties of some objects appearing in the photographic

scene are known. The latter is the most practical method because, it eliminates

the need for measurement of spectral irradiance, the need for an absolute
measurement cf atmospheric attenuation, sensor attenuations and processing
attenuations, because the object whose reflectance is known is imaged simultaneously
with the unknown objects of interest. Unfortunately, the reflectance properties

of natural objects which occur in an aerial photographic scene are not known

with any degree of precision. Therefore, present data collection efforts

are forced to use man made objects such as painted panels of known reflectance

as reflectance standards in deriving quantitative object reflectance from

film image densities.

Vegetation, soil and water are the most common natural objects occuring )
on aerial photographic scenes of interest to the terrain analyst. Therefore,
these are logical natural earth objects to use in deriving the reflectance
of other earth objects of interest or variations of other images of soil

vegetation and water from the standard images in the scene.

It is first necessary to prove that the spectral reflectance properties
of a number of vegetation, soil and water body types, as measured from aerial
film density and which the terrain analyst can recognize reliably from aerial
photography are identical within the limits of precision set by the present
state-of-the-art of remote sensing and sensitometric densitometric analysis
systems,

Because of the broad scope and limited analysis of this effort conclusive
proof of the assumption above conld not be ohtained, although additional
evidence of its validity was obtained. In Section 4.2.3 it was show. that
in the infrared region the reflectance of stacked leaves approaches a limiting
value, sugpesting that in using an aerial sensing system to measure reflectance
many broad leaf trees wjili have 1dentical reflectance in the necar infrared.
From Section 4.2.4, the o ffect of surface moisture on soil was shown to be

independent of soil type as was the effect of surface structure on soil
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reflectance. The effects of moisture and structure with respect to tree
crown reflectance should also be investigated experimentally to establish

whether these factors are also independent of vegetation type.

From reflectance data on soil and vegetation in the open literature,
as well as data measured by CAL, there is additional evidence that these
two terrain features may indced be useful as standards. Reflectance data
on leaf type from a variety of tree types, from different geographic areas,
and measured by several different investigators over a span of twenty-two
years were averaged and their one sigma derivations in spectral reflectance
computed. Available soils data was treated similarly. The resultant curves

are shown in Figure 10, and the raw data is presented in Tables II and III.

It should be noted that for the vegetation data of Table I! single leaf
samples rather than stacks were nrobably measured, accounting for the annarently
equal reflectance hetween sand and vegetation in the rear infra (0.70-0.90
microns). In Figure 10 in the case of reflectance measurements frem spectral
films it is expected that the reflectance of vegetation in this region of the
smectrun will be significantly higher due to the transmission properties of

vegetation as explained in section 4.2.3.

The fact that it was possible to select data from these diversified
measurerents of reflectance which vielded an average reflectance with deviation
no larger than 30% of the average, suggests that with appropriate classifications
of vegetation and soil, standard reflectance curves can be developed. Such a

task, however, is beyond the scope of this effort, but is definitely warranted.

For the 3-5 micron region standards are required, having known emis-
sivities and surface temperatures,in order to account for atmospheric attenu-
ations and to relate image density to object radiance. Water bodies arc
likely candidates for emissivity standards, with associated temperature measurements

made by the use of an airborne 8-14 micron radiometer or dropable devices,
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Figure 10 AVERAGE REFLECTANCE FOR POTENTHAL
NATURAL STANDARDS
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4.3 Sensor Limitations

As indiceted in Section 3.0, the sensor system itself, if uncalibrated,
can introduce sufficient error to eliminate all possibilities of obtaining

a film record which can be analyzed quantitatively for the significant differences
in terrain reflectance.

The 1tek Model 002 Nine Lens Multi-band camera which was used on this

cffort was tested prior to use in the field to determinc, as closely as possible,

the precision which could be expected in ground ohject spectral reflectance

determination from a densitometric analysis of its film records. The results

of this test indicated that a precision on the order of + 6% of the mean

measured veflectance could be achieved, This was based upon the repeatability

of the iocal plane shutter across the film format. The details cf the test

are prescnted in Appendix C.

The MIAI infrared scanner used on this effort is designed to obtain

high «quality records for qualitative analysis. The major problem with respect
to its usc to obtain film records for a quantitative analysis relates to

the circuitry utilized in signal pre-amplification. The modulation of the

CRT spot which exposes the recording film is a function of the voltage difference

between the instancous signal received at the detector and a stored valtage

level for the previous scan lines(Ref. 17). Thus the density produced is

a function of the average scene radiance and should this change appreciably,

as from watcr te land, the pre-amplifier will shift to maintain a pre-set
voltage range to the CRT.

To account for this occurence, a constant stepped voltage generator

e
WAS

censtructed to place a pre-amplifier voltage - density calibration wedge

on the film rccord hefore and after euch data run, and is described in detail
in Appendix E.




The details of the entire procedure for sensing in the 3-5 micron region
using the MIAI scanner are presented in Appendix D. Sensor technology
is improving at a rapid rate, however, it should be guided by improvements
in analysis technology. The results of this effort indicate a quantitative
analysis approach to terrain evaluation is more than feasible. llowever,
design criteria for sensors must change from obtaining a record which the
interpreter will analyze qualitatively to obtaining a record from which object
radiance can be easily related to image density.
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2. SIGNATURES OF EARTH OBJECTS AND BACKGROUNDS

The concept of spectral signatures of earth objects and backgrounds
is often narrowly considered to be the ability to measure the spectral reflectance
nronertics of ohjects remotely and correlate them with in situ or laboratory
measurements. Under this effort such comparisons were made with results
ranging from good correlation to essentially no correlation. Such results
were expected considering the effects of object surface structure and condition
upon apparent reflectance as well as the difference in the basic gecometry
of the ilastruments used tn measure the reflectance properties. The best
of the comparisons was for an area of Eﬁﬂﬂ (Ref, 16) on =a flpbili:ed heach

as sh~n in Figure 11,

The sample used for the laboratory measurements was acquired on 25 November
1968 and had a moisture content, by weight, of 6%. The change in reflectance,
after oven drying, is consistent with the changes one would expect from loss
of moisture as discussed in Section 4.2.4. The field photometer data werc
acquired on 20 November 1968 after showers had cccurred and over an adjacent
area of sand. The diffcrences between the laboratory measures and the fielu
measuré are not consistent with a variation in moisture. They are however
consistent with 7 possible surface structrre; in situ mcasurenents of soil
refleifance were acquired over surfaces which appeared to he comnietely drv
as a standard field prccedure. Thereforc, the in situ measures should match
the dry sample laboratory measurement best. Fron the results of the granujarity
experiment described in Section 4.2.4 one would expect a slight difference
in surface structure to result in spectral ratios between 0.90 and 1.00 with
the ratio being a constant or decreasing with increased wavelength. The
Iitter is generally the case for the in situ measurements of reflectance and
the laboratory dry cample reflectance for the beach sand indicated in

Figure 11.
ke measuremcents made from the image density of sand on the Multi-band
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camera film were from the mission ¢tlown on 16 December 1908 after

a period of considerable rain, These values are ratios of the apparent exposures
of the known reflectance panel on the ground-whose density was closest to

an average exposure for the sand images times the known reflectance of the
panel with no corrections for differences caused by format position of the
images or variations in actual shutter speed across the format. Therefore,
they are not expected to correlate well with in situ and laboratory measures.
Nevertheless, the general shape of the curve is similar to the shape of the
cti.er curves cxpect for the low value at 0.8) microns. Figure 13 shows a
second apparent reflectance curve for this same area of sand but measured

from different films obtained from twice the flight altitude. The shapes

of the two curves are much the same, indicating the camera system is consistent
and thus suggesting that the differences in shape are real and attributable

to the average reflectances of the micro surface features present on the soil
surface (~oconuts, puddles of water, brush, wood, etc.) within the around
resolution element of camera svstem. Indeed, these curves mav well be morn
representative of the reflectance of the imace considered as sand hv the

interpreter than either the laboratory or in situ measurements.

Threr in situ measurements of vegetation are shown in Figure 12 tocether
with a measurement from the spectral film densities for pasture prass and
a4 laboratorv measurement for milkweed. The in situ measures have a maximum
in the visible spectrum (0.504 ), a minimum in the chlorophyl band (0.68p
y and a maximum in the near infrarcd (O.SOf/ ) as do the laboratory measurcs,
The curve derived from the spectral film lacks the minimum in the chlorophyl
band probably due to the amount of seil in the ground resolution clement

of the camera system,

Let us assume that indeed spectral measurements made in the laboratory
will differ from those made in situ and from those made from the measurcment
of image density. Furthermore, let us assure that the precision of the multi-
band camera system is as good as a laboratory spectometer. we nust then

concern ourselves with how consistently the camera system will nmeasure
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ground object reflectance especially when the system is used at dJdifferent
altitudes,

Figures 13, 14, and 15 show reflectance measurements for an area of
beach, an area of mangrove, and an area of pasture grass derived from spectrai
films taken at different altitudes. The good correlation of the shape of
these curves from one altitude to another attests t5 the consisiency of tne
multi-hband camera system and the absolute levels to the affect of the atmosphere.
Under a previous Air Force progrzm (Refs. 8, 9) CAL showed that the greatest
loss of image contrast occurs generally within the lowest 35,000 feec of
the atmosphere. In addition, below 10,000 feet there is little selective
ahsorption of different wavelengths of light by the atmosphere. The rate
of attenuation of energy is very high in the first five to six thousand feet
decreasing rapidly thereafter. Therefore a significant difference should
accur between the data recorded at 3000' and 6000', whereas a smaller difference
should be noted between the 6000' and 12000' (Figures 14 and 15) data across
the visible spectrum, as is the case. Thus the assumptions madc above regarding
the precision of the acrial photographic method appears reasonable so that
without attempting to correlate aerial measurements of reflectance to laboratory
Oor in situ weasurements of roflectance we can anply the broader cnnoept of
spectral signatures directly to the aerial film records. Specifically we
can use image exposures (i.e. apparent reflectance properties) of objects
recorded on two photographic scenes simultaneously to produce additional
visual scenes, with spatially distributed ratios, sums, products or differences

of exposures for all objects in the scene.

5.1 Bi_Band Analysis for Terrain Signatures

As indicated previously in Section 2.0 CAL has developed a bi band spectral
analysis technique which encodes water, soil and vegetatinn in specific density
ranges on film. The process consists of reversing the 0.v5. band photograph,
repistering it with the 0.800 band negative and contacting the pair onto

copy film. This 1s essentially equivalent to dividing the imaye exposures
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in cach hand by the other, which of course the interpreter cannot Jdo quaiitatively,
although he can interpret the product of the division, ilpure io shows

i beach test site (18°257-05%40') in Puerte Rico phetosraphed on conventionil
Plos-x film and a positive nrint of the scene in which the reflectances have

hoen divided,  The second step i the process is to diglitize the scene on the

conv film using a flying spot scammer or other suitable ciectro-ontical dovice

an:l fiave the cenputer print cut a histopram of the distribution of the ¢ray levels
(reflectance ratins) in the scence as shown in Jigure 17, Prom this Listopram

and a visual interpretation of the copy scene, gray level ranges are sclected
wiiich appear to represent wiater, soil, and vegetation, i.e. raiges 1,11,

and 111 on Fipgure 17, The computer then directs a {iying spot scanncr to

print back on film the throe density ranges as separate visual displays.

The results of this step are shown in Figure 15, Comparison of these displays

to the conventionai Plus-X will reveal how good the scleccion of band, was

in separating the basic environmental features., Features in shadows will

have a different ratlo than the same features in sunlight bacause of the

different  specrral irradiance distribution. liowever, it may be possi!le

with additional rescarch to determine a spectral preprocess technique to

have the cemputer/flying spot scanncr adjust these ratios to thelr proper

‘alues in sunlighe.

The histogram of figure 17 is truly a gross spectral signature of a
terrain environment in that the arza contained within cach gray level range
is directly proportional to the arca cf soil, water and vegetation in the
scene. The distribution of reflectance ratios (grey levels) will shirt according
to the relative areas of these features on the surface. If all ratios occur
in the low reflectance ratio range the terrain enviromment is a Lody of water-land
or ice, where as a peak in the low range and a substantial surn in the
mid range couid indicate a glacier at latituder above the tree line or coastal
contact in arid latitudes. A peak 1ii the mid range indicates a desert, whereas
a peak at the far end of the vegetation range indicates z iush forest. (omsiderable
rescarch is still necessary to develop this methodelopgy into a refined spectral

signature, however, even in its present state it is considered a major contribution
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toward satisfying the Air Force's urpent need for developrug spectral sijsatuios

of{ terrain.

One refincaent to the methodolopy is to print out narrow grey leveis
within the gross ranges tor water, soll and vegetation. The results of iis
step when applied to the soil range 1@ shew on the histopram of Figure 17
(1,2, 3) arc shown in Figure 19. This process provides additional 1nformation
rclative to aveca differences within the scenc with respect to the gross classes
of natural carth objects, water, soil and vegetation. In the water class,
the differences will be related primarily to structural differences (scoa
state) in the surfacc because the two spectral bands uscd do not penetrate
water to any appreciable extent. Should alpae blooms eor arcas of turbidity
(created by soil eresion) be present, thesce too will affect the grey level

in the water range.

In the soil range Figure 19 the differences will be related to: a) the
amounts of surface moisture present; b) small amounts of vegetation cover,

and <) voth tree shadews and areas of high surface moisture.

In the vegetation range, the differences will Le related primarily to
plant vigor, crown structure, and percentage of soil/vegetation in ground

resolution element for prasses.

As pointed out 1n section 4.2.4 granularity differences in soils do
affect the spectral reflectance properties in different bands differently.
Therefore, applying the methodology discussed above to bands other than the
.O%ﬂ and 0,80, hands may indeed provide additional spectral signaturcs for
ather physical propertics cf terrain.

T e o L




il

Sl

o 8 iR

SOiL

PLUS X

Figure 19 COMPUTER GENERATED SUBDIVISIONS Of
THE SFECTRAL DISPLAY FOR SQiL




0. RESULTS AND CONULLIS TONS

As andicated in o the Introaduction and Swmmary

the nrpmary ebhiccryee o

this erfort was to supnort the Terrvestrial Sciepces Laboyatory of G As

Chy fddee Research Laboraterics by acquiriny, el d data toronnd) trom Cone

haerd - trend s cpvironasnts (Puaerte Rico). Tven thous!h noer seatic vocen

ditions were encountered, the reduced data an the Appendico:

attest to the cuccessful acgcomplishnent of this obicctive.

A linited analysis of the data was also called for with
corrclating pround data and data extracted from the airbhorne

recerds for the purposce of defining terraln signaturcs.

Of this renoert

respect to

Trenale sehiney

The rost inportart result of the entire eftort is considered to be

the successful develorment of methedology for determining terraln sapnatures

frorm the application of a CAL developed Li-band photo-optical data procossine

ethod.,  In particular, the development ot the methedolony for utilising

i

hi-band spoctral datd *o determine whether or not surface molsture or pgranul:orit

is the canse of

CIChCeS 1S cuintdered sitgpiticant.

It 1s concluded that this result represents a sipnificant improvement
B 2 i

in the state-of-the-art of analyzing rerotely sensced multi-band spectral

data by filling the gap between thie purely qualitative interpretation metbods

and desirable automatic interpretation methods.

Other significant results pertinent to the ultimate objective of estal:lishine
i . .

terrain signatures for carth objects and backgrounds include:

® a c¢orrelation between measurenents of tsta cCriadrance and sooctral
1

irradiance.

. laboratory asscssment of the effects on reflectance causced by

L

vegetation canopy structure and combanations of soil and verctation within

che ground resolution element of the remote sensor systein

(9]
2

i i A
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s laboratory assessment of the effect of surface mosture and structure

on the apparent reflectance of seoils,

Considering all of the results obtained un this effuit we conclude
thaut an electio-optical system for semi-automatic analyvsis of multi-band
speztral data by bi-band technigues can be designed and fabricated today,
wihich would greatly assist the Alr Force engiicer in huis tash of terrain
analysis and site evaluution. Furthermore, such a system vould have the
inherent capability of expanding its own utility by providing the Alr Force
e¢ngineer with the equipment to test hypotheses relative te the limitless

combination of multi-spectral data,
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Appendix A

SPECTRAL TRRADIANCE DATA
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Spectral irradiance at ground level was measured in the field using a
CAL designed and fabricated, filtered photometer system. Figure A-1 shows the
face of the data panel which was photographed using a motor driven, 250 exposure,
Nikon 35 millimeter camera, In addition to the 10 irradiance meters, the pancl
inciudes wind speed and direction meters and a clock. Cycle rates ccnsistent
with the multiband camera rates were used during flight tests. Irradiance was
also measured when insitu measurements of reflectance of ground ohjects werc

made with the CAL spectral reflectance photometer.

Approximately 1500 -35mm frames of irradiance data were recorded during

the field test, under conditions ranging from clear sky to hecavy overcast,

To reduce the raw data, all photo frames were read under a microscope
and the 10 irradiance readings, the clock reading and the wind speed and direc-
tion readings were tabulated on data sheets. To convert the met:r readings to
energy values the calibration curve shown in Figure A-2 was used. The curve
was derived from the slide rule converter supplied with cach meter by the
manufacturer. In reducing the raw data to determine the irradiance conditions
encountered throughout the test, it was noted that erratic results were obtained
after 8 December 1968, from som¢ of the meters, However, by comparing the
readings in each band prior to 8 December 1968 with the rcadings after 8 December
1968, for all meters at the same levels of total irradiance, correction curves,
such as the one shown in Figure A-3, were obtained for those spectral bands
which appeared to give erratic results. The cause of this problem was traced

to moisture entering the detector cell.

From the raw data for ten different days between 23 November 1968 and
id December 1968, the meter readings for each spectral band, during a period
when the total irradiance was relatively constant, were converted to energy
values and averaged. The ratio of the values of irradiance, used by Keegan
and Gates (Reference 13) for direct sunlight to thc maximum values measured
by CAL instrumentation were computed as chown in Table A-1l. These ratios were
then used to normalize the CAL measured spectral irradiance data, at different
levels of total irradiance, to the curve used by Keegan and Gates. The resultant
irradiance curves are shown in Figure 2, Section 4.1 of the text.
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.55 2 READING PRIOR TO 12/8/68

0.554 READING AFTER 12/8/68

Figure A-3 CORRECTION FOR 0.55 . READINGS
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RATIO OF IRRADIANCE CHANGE IM Q.85 . BAND
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RATI0 OF TOTAL IRRADIANCE CHANGE

Figure A=4 RELAT!ONSHIP OF CHANGE IN {RRADIANCE IN
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RATIO OF ‘RRADIANCE CHANGE IN 0.50 . BAND

120 WATTS/M2
- 120 WATTS/M2
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Figure A-5 RELATIONSHIP OF CHANGE IN IRRAGIANCE IN
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RATIO OF IRRADIANCE CHANGE IN 0.€04< BAND
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RATIO OF IRRADIANCE CHANGE IN 0.65.4< BAND
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RATIO OF IRRADIANCE CHANGE K 0.754 BAND
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Figure A-10 RELATIONSHIP OF CHANGE IN IRRADIANCE IN
0.75,c BAND TO CHANGE IN TOTAL IRRADIANCE
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Because relatively few data are available on changes in spectral
irradiance compared to simultaneous changes in total irradiance, the data of
Table A-1 were further reduced to ratios of changes as shown in Table A-2 and
the results plotted as a correlation graph in Figure 3 of Section 4.1 of the
text. Figures A-4 through A-11 are curves for each band across the visible and

near infra red spectrum. Several interesting effects are noted from these plots,

First, in the case of blue light (0.454 band) the majority of points
lie above the one to one correlation line indicating the percentage change in
irradiance is practically always larger in the spectral band than the percentage

change indicated by the total irradiance measurement.

Second for the 0.50 4 though 0.80u bands the spectral change is
generally larger than the total on bright, direct sunlight or scattered cloud
days until the irradiance drops to approximately one half the peak values at

which point the change is generally smaller for the spectral irradiance than
for the total.

Third, for over-cast days the spectral changes are generally smaller
than the changes in the total irradiance.

Finally, the changes in the 0.65. band appears to most closely corre-
spond to the changes in the total irradiance,
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1. INTRODUCTION

Muring the course of this effcrt a considerable amount of spectral
reflectance and other data related to earth objects has heen collected. Some
has been used in the limited analysis. It is the purpose of this appendix f

to compile the remainder of the raw data, To make it as useful as possible,

s bt

}
it has been organized on the basis of the latitude and longitude of the E ]
. . : . !
location on the Island of Puerte Rico from where the data were acquired. The :

relative locations are shown on the map of Pucrto Rico in Figure B-1. ;

The data ‘ncludes: 1) Total diffuse reflectance measurements using 3
2 Beckman DR-2A spectrohotometer; 20 In situ reflectance using a CAL designed
tilter photometer; 3 Reflectance data from spectral film density; 4) Soil

granuluarity data; and 3) Soil moistuve data, b

R

Soil samples were collected primarily from the top two inches of the
surfuace ef s0il areas, They were placed in air tight plastic bags and returned ]
to the luboratory, Small amounts (about 100 grams) of the samples were placed
in 2" x 2" x 172" plastic spectrometer sample holders for reflectance measure-
ment,  These measurements arc referred to as '"Bag' measurement indicating the
moisture content was at the in situ state of the Jay obtuined., Water was then

acdded to the sample holder and time allowed for the soil to saturate. Measure-

Ll

meits in this state are retferred to as "Sat.' measurements, A few samples were

first dried in an oven at 105° to obtain "Dry" measures of veflectance, then

saturated and redried in steps to determine the change in reflectance with

change in moisture content, For these cases, the actual moisturc content by

weight was measured and is shown with the tabulated reflectance data, lrequent ‘
references (16) are made to the soil survey ot the island of Tuerto Rico conducted :

by R.C.

Roberts from 1928 through 1936, in which are found descriptions of the

soils whose reficctance properties were measured on this project. :

Also refevence (18) are made to the grassland survey of Puerto Rico -
conducted by Ovidio Garcia-iclinari for descriptions of some types of vegeta-

tion whose reflectance properiies were measured on this project,
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2. PUNTA PICUA 18°25'N - 65°46'W

Because of its complexity of backgrounds and soils, this site was the

major site from wherc samples were obtained. Figure B-2 shows the basic land

forms of the site; 1) the Atlantic Ocean shoreline; 2) the beach; 3) the
mangrove, 4) the coastal plain and 5) *he Tuffaceous sandstone hills, A
ground control target array was emplaced at LOCATION 1 and data were recorded
at this location as well as at positions designated by other arabic numerals,

hoth on Figure B-2 and indicated in tables,

2.1 Beach

The laboratory measurements of sand reflectance were obtained using a
Beckman DK-2A spectrophotometer. The sand on this beach is described by
Roberts {10) as either Palm Sand (PL, pg. 344) or Catano Sand (cd, pg, 343).
koberts indicates the former contains one quarter inch rod like shells, where

as the latter does not; the former is vellow whereas the latter is gray. All

sand samples from this location had rod like shells and were vellow in color
and have theirefore been

classed as Palm Sand, although a difference in reflec-
tance was noted between sand samples from the active beach (2) and the middle

of the stabilizcd beach (4), i,e. the beach surface covered with vegetation.
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ATLANTIC OCEAN
BEACH §
(Py)
MENGROVE
(Sa) A
COASTAL TO LUQUILLO )
PLAIN (ROUTE 3) :
(cp) ' .
TUFFACEOUS
SANDSTONE
HILLS .
(Ky)
-“, .’.’.‘:1 :4‘3,.....; B kB 2 ,
TO MAMEYES W ¥
(ROUTE 968)
Figure B-2  PUNTA PICUA SITE
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TABLE B-1 LABORATORY REFLECTANCE OF PALM SANU AT PUNTA PICUA (Pb)

(6/17/68) (11/23/68) (11/25/68) (11/26/68) i

A SAT. DRY  BAG SAMPLE DRY  BAG SAMPLE DRY  BAG SAMPLE DRY ;
. A 4 12 7 9 7 9 4 9 f
A5 6 15 9 12 9 12 5 11 |
5 7 18 11 14 1 14 6 12
.55 14 21 16 19 16 20 8 15 ;
618 26 21 25 22 25 11 19
05 20 29 24 28 25 29 13 21 4
T2 33 27 31 29 32 17 26
7322 35 30 34 31 35 21 51 1
8 23 36 34 37 33 38 26 35 '1
85 24 37 - - § - - -
925 38 - - _ - B - ;
LOCATION 2 3 3 4
(11/25/68)  (11/23/68)  (6/17/68)
A BAG DRY  SAT. DRY  SAT. LRY
A4 8 - - - -
A5 6 11 - - - . O
5712 8 13 8 17 5
. 55 12 18 13 20 11 21 ?
6 18 24 19 2% 15 25 i
65 20 27 22 30 17 27 »
723 30 25 3318 29 .
75 2 33 28 35 19 30 |
) 8 28 35 29 38 20 32 ‘
.85 - - 30 39 21 33 5 1
E D - 30 0 21 34 % i
; LOCATION 2 3 2 %
! =
! B-11 Z
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In addition to laboratory measures of reflectance, in situ measures
were obtained at the locations indicated above wusing a CAL designed filter

photometer,

TABLE B-2 IN S1TU REFLECTANCE OF PALM SAND AT PUNTA PICUA (Pb)

A (12/1/68) 12/1/68) (11/26/68) (11/26/68) (11/23/68)

.40 12 - - - 11

45 11 9 4 ) 13

.50 10 7 4 10 13

.55 18 9 8 16 18 )
.60 23 11 12 22 17 )
65 30 16 19 27 27

.70 29 19 16 31 28

.75 31 24 20 34 31

8u 32 26 31 35 34

85 34 28 28 36 -

LOCATION 2 4 4 3 3

The measurements of the reflectance propertics of the palm sand from
the arieal, spectral films werc presented in the text in Section 5 and therc-

fore arc not repeated here,

M ikl o s




The distribution of grain sizes for this sand was obtained using a

standard sieving procedure, and is as follows:

PALM SAND GRAIN SIZE DISTRIBUTION

Sieve Size %
> 2mm <1
1-2mm <1

0.5-1mm 1
0.25-0, 5mm ol
0.125-0.25mm 35
0.062,0,125mm 2
< 0.062mn <1

The moisture content by weight varied from a maximum of 32% for
saturation to a low of 1% for the sample obtained from location 2 on 11/23/68

in the evening.

SAMPLE LOCATION % MOISTURE BY WEIGHT
2 LABORATORY-SATURATION 32-26

2 (11/23/68) PM 1

3 {11/25/68) PN (&

2 (11/25/68) PM 1

4 (11/26/68) PM 11

B-13
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Laboratory measurements of leaf reflectance from vegetation cover over

this beach were impractical in that neither the gecometry nor the plant viger

could be retained. In situ measures were recordcd, Some appear in the text

and the remainder are presented below,

A

.40

.45

LOCATION

TABLE B-3 IN SITU REFLECTANCE OF VEGETATION AT PUNTA PICUA BEACH

11/23/68 11/26/68 11/26/68 11/26/068 11/26/68 11/25/68
2 - 5 - R t.
4 3 - 2 - 2
4 3 4 5 - T
7 10 7 q 9 10
5 9 5 8 3 5
4 12 4 7 3 15

10 16 11 17 4 26
28 31 54 47 21 38
35 45 S0 45 <Y 48
44 30 43 53 24 62

4 Coccolobis 5 Sporobolvs 5§ Remirea 5 Low 4 Coccolobis 2 Ipomoea Pes-

Uvifera Martima Grass Uvifera Caprae-bay
Woody Plant Tufted Grass Sedge Woody Plant hops vine
k-14
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Rain occurred frequently throughout the test period in the form of

short showers.

bate
11/25/68
11/25/68
11726768
11/26/68
11/20/08
11/27/08
11/27/68
11/30/08
12/1/68
12/2/68
12/2/6%
12/2/038
12/3/68
12/4/68
12/5/68
12/9/638

12/10/08

The following data were recorded from the rain gage at location 1.

Tine

1440

(815

0827

1000

0930

1130

1000

0800

1100

Rain Depth
Set up 0"
0.03"
0.03"
0.045"
0.060"
1.400"
1.000"
4.33"
0.09"

0
0.25"
0.05"
G,a4qn

0.1

0.01"

0.04"

Accumulation

0.00"

0.105"

0.1060"

1.500"

2.5060"

6.890"

6.98"

6.98"

7.23"

7.28"

7.32"

7.43"

An excellent reference (20) to rainfall and soil molsture conditicrns

across the island of Puerto Ricoc for 1955~1956 is available in the scientific

literature,
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2.2 MANGROVE

A partially drained mangrove swamp occurs between the beach and the
coastal plain. Becausc of the drainage ditches which have been emplaced to
drain the swamp, few large areas of the highly interwoven complex of root
systems so typical of mangrove swamps remain. However, at location o,

Figure B-2 such a situation was presenc.

Two samples of the soil (muck) were acquired and their reflectance

properties measured in the laboratory.

TABLE B-4 LABORATCRY REFLECTANCE OF SALADAR MUCK (Sm) IN MANGROVE

(11/23/68) (12/3/08)

A SAT. DRY SAT, DRY
4 2 5 3 0
.45 2 6 3 T
5 3 7 3 N
55 3 8 4 9
6 4 9 5 i
05 4 10 6 12
.7 6 12 8 14
75 3 15 9 15
.8 10 17 11 13

B-16
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No insitu measurements of the soil reflectance cvould be obtulned be-

cause of the extremely low light level under the mangrove canopy. Anoin situ

ncasurcement was obtained for a fresh cut, high density sample of leaves trom
the mangrove trees per sc, and is tabulated below.

TABLE R-5  INSITU REFLECTANCE OF MANGROVE LEAVES

WAVELENGTH  (12/5/€8) WAVELENGTH (12/5/08)

o 2 .65 3

.45 (8] .70 10

N 3 ,73 L2

.55 7 .8 62

L0 R} .52 [
LOUATTON 1

Although there appeared to be three rather distinct levels of
miangrove trees which may have related to the three species of mangroves
known to be present in Puerto Rico, (i.e, Rlack Mangreve, Avicconiia nitidag
white mangrove, Laguncuhria racemasa; and Mangrove, Phizophora mangle,)

this was not e¢stablished in the field.

The spectral reflectance values for mangrove were also derived fron
the spectral films and are presented in Section 5 of the text.
. . . (1e) .. .
Roberts describes this soil as Coastal Swamp, poorly drained,
black, mostly organic materials, S3aladar Much {Sp). A detailed description

can be found on page 356 of Robert's survey.

B-17
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2.3 Coastal Plain

From the mangrove to the contact with the slope of the tuffaceous
sandstone a coastal plain. The soil in this plain is classed by Roberts as

Coloso Silty Clay (cp), a poorly drained, brown, plastic, tuffaceous material,

A complete description occurs in his survey on page 330. The area is prescently

being used as a pasture and is covered with pasture grass or in areas still

subjected co flooding, tussock grass.

Although few areas of bare soil are present in this area, soil samples

were collected and reflectance values derived in the laboratory.

TABLE B-6 LABORATU .Y REFLECTANCE OF COLOSO SILTY CLAY (ip;

(6/17/68) (12/1/68) (12/1/68)
A SAT. DRY BAG DRY BAG DKY
0.4 o 8 4 13 4 9
45 4 11 > 14 5 11
5 5 12 L 15 > 12
55 7 14 7 16 O 13
6 8 16 8 18 7 14
65 9 18 9 'Y 8 16
7 11 20 10 22 9 18
.73 13 22 11 24 10 20
.8 15 25 12 20 11 23
85 17 27 - - - -
9 19 29 - - - -
LOCATION 7 1 1*

*

Si1te 30" from 1, but had becn hosed down for 30 minutes prior to tuking sumple.
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In situ measurements of soil reflectance were obtained on a surface
exposed as g result of cattle moving across the coastal plain, Its geometry was
altered each day by hoof prints and surface moisture. Nevertheless the data

are presented below.

TABLE B-%  IN SITU REFLECTANCE OF COLOSO SILTY CLAY (cp)

A (12/1/68) (12/4/68) (12/9/6%)

J 2 3 7

15 2 4 5

> 2 4 4

55 5 5 7

6 2 T v

.03 0 10 9

N 0 8 11

ER) 1¢ 9 17

8 15 12 18

.85 17 12 -
LOCATION 8 8 8
RALINFALL
(ACCUMULATED 6.98" .43 7,45
READING)

It should be noted that although the above tabulated data do not
correlate well with cach other there i1s a definite trend associated with the

rainfall data presented carlier in this appendix,
No arcas of bare soil, of sufficient size for deriving meaningful

measurements of reflectance from the spectral films, were imaged from the

ninimum flight altitude of 3000 feet.
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The identification of specific grasses within the general class called
Pasture grass was not possible, primarily because of the heavy grazing which
occurred. Although the time of vear was correct for distinguishing between
Carib grass and Para grass the effects of heavy graczing precluded such ident-

ifications.

Again, only in situ reflectance measurements and measurements from
spectral film density were feasible considered geometry and plant vigor. The
reflectance values derived from the spectral films are presented in the text,
aiong with some of the in situ data. The remaining in situ data are presented

below.

TABLE B-8 IN SITU REFLECTANCE OF PASTURE GRASS ON COLUSY SILTY CLAY (cp;

A {12/1/68) (12/3/68) (12/9/68) (11237683 (12/5/083*
4 1 3 3 - 2
45 4 3 4 3 E
5 4 3 4 3 5
.35 9 6 8 3 12
6 7 8 7 6 10
65 6 8 9 3 10 !
7 14 10 10 3" 33
.75 34 33 43 48 33
8 18 43 18 13 70
85 58 48 33 16 90
LOCATION 8 R 3 1 1

L4
Protected from grazing.
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TABLL B=9 IN SITU REFLECTANCE OF TUSSOCK GRASS ON C0LOSO SILTY CLAY (cp)

A (1271/68) (12/4/68) (12/9/68)
) 4 2 . 2
.45 3 5 2

w
n
(2]

.55 8 ) 0
O 9 o 4
65 11 7 3
.7 14 10 10
75 32 21 21
5 37 23 52
85 41 22 34
LOCATION 8 8 g

The variability in 1n situ measurements of vegetation is cxpected to
be large. The primary rcason for this is that unless the vegetation is a low
surface grass, such as at Location &, it is extremely difficult to: a) define
the surface being mecasured and b) to insure that the relative distance be-
tween the photometer and the surface being measured is maintained a constant,
throughout the measurement period. Nevertheless, the data above in several
cases shows the vegetation trend, ie. a peak, in the 0.55 &« green band
A wminimum in the 0.05/» band (chlorphyl band) and a maximuwn in the O.70/u -(.85

y bands (near infrared!,
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2.4 Tuffaceous sandstone Hill and Contact With Coastal Plain

Location 9 is on the contact between the coastal plain described above
and an area of tuffaceous sandstone hills., One, highly disturbed area of soil
was found in which the soil appeared more brown in color than the samples of

Coloso Silty Clay taken from Location 8,

TABLE B-10 COMPARISON OF REFLECTANCE OF SOIL ON LANDFORM ZONTRACT, TO COASTAL
PLAIN SOIL AND (cp) TUFFACEOUS SANDSTONE OUTCROP (k)

A CONTACT COASTAL PLAIN OUTCROP

4 3 3 6
.45 4 4 7
S K| 4 7 .
55 5 5 6
6 6 7 12
.65 7 10 10
7 9 8 14
75 11 9 19
8 13 12 20
.85 14 12 17

LOCATION 9 8 11

An in situ measurement of the surface reflectance was recorded (9)
and is compared to an in situ measurement (8) for Colosc Silty Clay and an
outcrop of tuffaceous sandstone (il) all obtained on the same day. The
higher overall reflectivity of the tuffaccous sandstone outcrop is obvicus from
the data as is the large increase in the red region of the spectrum 0,60 -
0,654 . However, the difference between the two soils is lost in the precision
of the measurement, even though the eye could detect a subtle difference in

the field.
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Other in situ measures of pasture grass on the slope of the tuftaccous
sundstone hill (10) and over a highly weathered tuffaceous sandstone bolder

are presented pelow in Table B-11,

reaa bt s e am at ot ™

TABLE B-11  IN SITU REFLECTANCE OF TUFFACLEOUS SANDSTONE HILL AREA

Tuffaceous

pababldoicdiah st wibicssbntsoadis i, i smias.

) Sandstone Bolder Pasturc Grass Bamboo i
A (12/4/08) (12/9/68) (12/4/68) (12/9/68) 1274/68 j
.4 B} 4 2 3 4
.45 4 4 3 4 4
.5 8| 4 4 3 5 -
.55 6 6 6 7 13 L
.0 7 6 5 7 14 .o
65 7 11 7 3 10 t f
7 9 ; 10 - 21 :
75 15 8 33 - 40 : 1
8 14 11 35 - 51 ‘
83 19 16 40 - 53
LOCATION 10 10 10 10 9
Palmas Altas Clav Area (Pm) é
To the west of the test site at location 12 is a small area quite H |
apparent from its lighter tone on the ccnventional aerial photograph. The Z :
arca 1s mapped Ly Roberts, to be Palmas Altas Clay (Pm) very similar to
Coloso S1lty Clay but more poorly drained, black and more saline. A full ;.. ]
description is given on Page 348 of his survey. E
B-23 T
e ]




e ———r TR

o 1 ———— L (T

In situ mecasurements were made of the soils reflectance properties for
comparison to the in situ measurements of the Coloso Silty Clay and in situ

vegetation measures were also recorded. The data are tabulated in Table B-12,

TABLE B-12 COMPARISON OF IN SITU REFLECTANCE OF TUSSOCK GRASS
ON TWO DIFFERENT SOILS

A Palmas Altas Coloso Silty Clay Tussock (Grass Tussock Grass
Clay Palmas Altas Coloso Silty Clay

.4 3 7 - 2

.45 10 5 6 2

) 9 4 4 3

.55 12 7 9 6

.6 13 9 11 4

.65 17 9 8 3

.7 16 11 13 10

.75 17 17 56 21

.8 17 18 50 32

.85 22 - 56 34
LOCATION 12 8 12 8

As expected because of its light tone on panchromatic film the Palmas
Altas Soil and vegetation were generally better reflectors across the visible
spectrum than the Colose Silty Clay and Vegetation. In the .65 4 band which
indicates vegetation vigor the tussock grass over the Paimas Altas Clay showed
a reflectance of almost a factor of 3 higher than tussock grass over the Coloso
Clay, This 1is probably due to the salinity of the soil retarding the grass
growth. In the near infra red it still maintained the typically high reflectance
for vegetation., Generally, the near infra red reflectance for plants drops when

growth is retarded, hcwever, this is not alwayvs true.

Other mcasurements, such as surface temperature and moisture contents
of soils were made at this site, strictiy for a quantirative analvses of
the spectral films and are therefore of no general value and are not included
in this report.

B-24
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3, EL YUNQUE RAIN FOREST SITE 18°18' - 65°47'W

This site is lecated close to the highest elevation on the island of
Pucrto Rico., As pointed, out by Briscoc (22) the vegetation at this elevation
is nuch smaller than is normally expected in a maturc rain forest, probably duc
to the almost continuous cloud cover present, Others refer to this forest as

a cloud forest rather than a rain forest, and apply the term rain forest to

the lower elevation Tabonuco forest which indeed has tree heights and diameters

more consistent with rain forests of Southeast Asia.

The topography of areas such as L1 Yunque make the development of a
grouisl transportation system ext-emely costly. The continuous poor weather
conditions preclude the establishment of an effective air 1ift support svstem,
where 1t may be imperative to emplace g support facility in such un environment,
Because of the continuous poor weather, it is difficult to obtain remote sensor
data over such an area. TFinally, even if such data are acquired the canopies
provide natural camouflage of the scils below, which are of primary interest

to the terrain analvst.

If on the other han.., relationships could be established between tree-
reflectance and soil environment below, remote sensor spectral data could
conceivably be useful in terrain evaluation studies. Therefore an attempt
was made to collect both aerial and ground data from this site. However, only

one aircraft mission over the area was possible because cf the cloud conditions,

[P PPN

and ground reflectance measurements were precluded because of the low illumination

level resulting from the cloud condition and dense canopy. Nevertheless,

bl Lt

e

the control panels were in place at location 1 as shown in Figure B-3 so that

Kot

retlectance data can be derived from the spectral films,

IR g

Because of camera exposure problems (shutter banding) a preprocessing
procedure beyond the scope of the nresent effort is required to correct
differences caused by banding for a quantitative analyvsis of this film.

Furthermore, the solls dara available in the literature (l16), on the site arca, =
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is too general to bc useful in establishing any correlation between soils and
vegetation.

In situ reflectance measurements for Bamboo and clcearing grass in the

vicinity of the control pancls (1) were taken and are presented below,

TABLE B-13  IN SITU REFLECTANCE OF VEGETATION AT EL YUNQUI

(11/30/068)

a Bamboo Grass

40 3 6

45 3 ¢!

50 J4 4

35 11

60 10 9

65 7 4

70 13 14
1 LOCATION 1 1

B-27
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4, SALINAS SITE 18°01'N - 66°18'W

The site is on the south shore (Carribean side) of the island. It is

a savannah environment with the typical acacia trees and guinea grass the pre-

dominant vegetation of the area. Both sedimentary (limestone, sandstone, and

shales) and volcanic (tuffaceous) rocks are present in the area. The soils

are predominantly clays, however, some contain appreciable amounts of sand

and stone

fragments. The site is shcwn in Figure B-4.

Laboratory Reflectance

A
According
Coiluvial
Reference

cut in an

to the north west of the area shown in Figure B-d4. The reflectance data

soil sample was acquired from locations 1 and 2, shown on Figurc B-J.
to Roberts, these soils are: Amelia Clay (Aw) and Yauco Clay,

Phase (Yo) and are described on pages 263 and 259 respectively in

l6. In addition, two samples of soil were obtained from a road

area described as Descalabrado silty clay (De - page 240) just

-+
)
e}

these samples are presented below.

TABLE B-14 REFLECTANCE OF SOIL AT SALINAS

Aw Aw Yo Yo Pttt [N
B . DR RAL 1t ny noy
1 3 19 15 :

N N 13 1 ( -

3 fat 15 v ~

4 11 22 2t H 12

0 11 27 31 1 17

- o 3l 33 17 2

4 19 32 30 19 o
i 21 35 3 S 0

. 23 aX d42 2t S
1l 25 - -
B-28
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The sample of Yauce Clay (Yo) was thoroughly sicved to the distribution
ir'icated below and the reflectance of each sample of Jdifferent grain sizes
measured a- indicated in the teat.

TABLE B-15 GRAIN SIZE DISTRIBUTION BY WFIGHI
Grain Size »2mm 1-2rm 0.5-1mm  0,25-0.5mm  0.125-0.25mm  0.062-.125mm < ¢,062mm
YAUTOQ CLAY 37 13 17 12 9 5 2
AMELTA CLAY S5 1§ 12 K 4 2 2
Although classed as a clay by Roberts, he notes the presence of limestone rock
fragments in e Yauco Clay, celluvial phase, and granular materials in the
Amelia Clay.

In situ measures of reflectance were also made &t locatior 2 and ¢
vhe west of the ureu covercd by Figure k-1,

TABLE B-16  IN SUTH REFLECTANCE OI7 SGILS ' SALINAS

2 {11, 28/68) (11°28/68) (11/28/0%; (12/8/68)

16 3 1 1 8

15 1u 1 1 i2

20 6 1 2 13

4

5SS 9 2 1 14

60 11 5 5 23

63 12 12 8 --

70 23 T 33 i3

5 27 B 16 33

%0 21 11 1o i3

55 p 13 2 30

St 1YY ) (e Ay it (Yo
B- 35U




Y

Good agreement 1s shown between the 1n situ reflectance (lTabie B-107
. and laboratory (Jable B-11) measurements of reflectance for the YaucofYel while

the bescalabrade Silty Clay (De™v'™ and "8'": show the effects of surtace molsture.

Threce additional in situ reflectance measures were tuken at location 3
as shown on Figure B-4. one was over coarse gravel (cobbles)i in the drv river
Led and the otiters were or an crosion slope adjacent to the river. Tihe former

15 designated as Ky by Roberts and is described on page 278 of Lis report.
& y ) i

TARLLE B-17 1IN ST REFLECTARSE OF ALLUVIAL SOTLS AP SALINAS

coama Si1lty (lay leoam (£08) River wWash {(Rkv)

LErosien Surface

Granular  Chips Clay dracks Cotililes
A
2 t 9 -
LS 12 11 8

17 21 i3
LG 20 22 13
05 19 23 12
Q 27 32 1o

A 25 29 10 _

S0 10 38 2l \
sS4 52 2 i
LDCATION 3 3 3




Most of this area is either grassland or planted to crops.

situ measure of the grass at location I was obtained.

TABLE B-18 IN SITU REFLECTANCE OF GRASS ON AMELIA CLAY

A 11/28/68
.40 3
.45 12

50 11

55 11
60 12
65 22

70 16

75 37
. 80 31

85 30

LOCATION 1

One 1in




5. CABO RAJO 17°58'N - 07°03'W

On the extreme south west tip of the island of Puerto Rico is a lime-
stone promontory on which a light house is lotated, Cubo Rajo. This arca was
not sclected as a site for detailed studv, but was visited during a site
inspection trip in June of 1968. A sand sample was cobtained from the bLceach
at iocation 1 as shown on figure B-5. The sample was saturated with water
and dricd in a series of five steps, with reflectance measurcments made st
cach step, The results are tabulated below. Roberts classifies this sand as
Jaucas Sand and it is described on page 345 of his report. The white coral
fragments of this sand c¢xplain its unusaally high reflectance relative to
other sands of the island., Another sample was sieved to obtain the distribution

of grain sizes shown below.

TABLE B-19 REFLECTANCE OF JAUCAS SAXND

Baveqength Wistare Coatvnts L3 K 3 ] Iy
' o o S 1] o33
| 2o | AT St i
v 3! St R i 13
S 35 5 o N o
’ 1 [ S a2 o5
e 15 M a0 57
N 1 i S5 - [
- H ~A 57 N
5 ith N 1 -
.- ! s . 3 -
' i N 2z : 1

TABLE B-20 GRAIN SICZL BISTRIBUTION OF JAUCAY SAND

OV TR OUYTES R SRS

4




Figure B-5 CABO KOJO




6. LAS MESAS  18°11'N - 07°06'W

In the west central part of the island is a unique latosolic soil,
namely the Nipa Clay (N¢j, by Roberts (10), A large area of the soil occupies
the crown of a hill known as Las Mesas south east of Mayvaguez, Puerto Rico
on Route 349, as shown in Figure B-0. Roberts also indicates a large area
of the soil being prescent near the coast south west of Mavagliez. Associated
with this soil 1s a silty clay, Rosario (Rs) by Roberts, which even he indicates
to be very similar to a shallow phase Nipa Clay. There is some question therc-
fore between soil scientist as to the validity of the separate classifications

for these soils,

Three vamples of surface soils were obtained from different lccations

on Las Mesas, as shown on Figure B-6, 1, 2, 3. The laboratory reflectance

reasurements for these sampies are tabulated below,

TABLE B-21  1~BORATORY REFLECTANCE OF N1\ CLAY AT LAS MESAS

. S oN CIINSONT oIS TeR ) n s es) (e ISSORT o NNy (P2 s S oNinsy 120
[ - K - H d o 1 - 1
1, i 3 S - = X E
' 5 1 . T ~ ~ -
va | t N N 1 - ] -
- 1. 15 ) 1 h HE
I : HRS N B
o 1 e ~ 2 - 23 H
! Pa 1" z z o P iy
s | ' Ji 20 24 oL os R
N | A | S 21 A -
~ B A N _ T -
[ A ) S.- R Ai25 (U i Sl RN
B-35
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In addition to the reflectance measures above, the 6/18/08 Sample 2

was sieved and the foll~::ing distribution of grain size obtained.

TABLE B-22 GRAIN SIZE DISTRIBUTION OF NIPA CLAY
Sieve Size 2 2mm  1-2ma .5-1mm  .25-.5mm . 125-.25mm .062-.125mm <0.062mn P
i
% Weight 0.1 4 3 25 34 22 15 :
This distribution agrees within 14% with the findings of Reberts. 3
Seventy one percent of his sample taken for 0-5 inch depth fell betwecn :
2 anyg 0.05 millimeters as compared to eighty five percent for this sample.
]
At a road cut, location Il, a shallow {(0-5 inch) vecilow soil was
noted. Because of its sharp coantrast in color to the red Nipa and Rosairo
56115 of the arca it was indeed a curiosity; so a sample was obtained. The ~
results of the laboratory measurements of Reflectance are tabulated below.
TABLE B-23 REFLECTANCE OF "YLELLOW' SQOIL
. E
A Sat -8Cm H,0 -156m H.,0 -19Gm H20 DRY
10 & ¢} 4 7 14
3
45 14 10 8 13 20 f
50 18 13 11 17 25
55 33 28 24 31 42
i
60 11 37 34 39 49 J
3
63 12 37 34 39 19 o ]
70 15 40 37 13 52 |
73 19 45 1 46 56 ‘
. 80 53 49 36 51 €0
i 85 58 53 50 55 61
.90 62 57 54 o0 68
! B-37
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It should be noted that with this soil as well as other soils containing
mostly fines, that surface cracks develop in the sample surface upon drving.
These zracks act as light traps lowering the apparent reflectance of the sample
below that measured for the saturated state. This is another case which points
out the importance of the surface structure to the understanding of the re-

flectance measured for a surface.

In addition to the laboratory measures of reflectance, in situ measures

of soil reflectance were also recorded, and are tabulated below,

TABLE B-24  IN SITU REFLECTANCE OF LATOSOLIC SOIL

2 (6/18/68) (11/29/68) (12/14/68) (12/14/68) (12/131/6%)
.40 5 4 2 2 4
A5 6 5 2 3 -
.50 6 - 4 5 2
.55 8 11 4 7 6
.60 11 8 10 16 7

65 13 12 10 19 9

70 18 13 14 25 12

75 20 16 15 31 12

80 19 20 22 33 11
.85 - 30 24 30 22

LOCAT ION 3 1 1 1* 1%

* Light surface highly weathered outcrop

** Dark surface highly weathered outcrop

I5- 38
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According to Briggs

location 4 on figure B-6 an outcrop of serpentine (kq) occurred,

()Y

and others, this unconfommity of rock forming mineral

underlies the entire ridge known as Las Mesas and is the parent material of

the Nipa Clay (Ne¢) which caps the ridge top.

retlectance mweasures run in the laboratory.

TABLLE

B-25

Fresh Face Samples

A

10 -

45 -

.50 14
.55 10
.60 17
.65 16
.70 10
.75 16
.80 16
.85 10
.90 15

SAMPLES A"

18

1"

le

nBll

16

16

16

15

el

19

13

18

18

17

16

HDU

10

15

16

18

18

—
x>

HL:H

The

REFLECTANCE OF SERPLENTINE

Iron Stain Samples

3o

16

17

17

19

19

18

IIFII

results

A sample was obtained and

are tabulated bhelow:

{(rs3)

Yellow Inclusions

16 20
20 28
33 32
32 30
30 27
30 27
31 28
31 28
30 26

It is interesting to note that the spectral reflectance curves of the yellow

inclusions in the scerpentine rock samples bear a general resemblence to the

curves of the "vellao

soil reflectance measures given previouvsly. This

supgests that perhaps & large inclusion produced the unusual limited arca of

"vellow! scil

at this sitc.

wire




In situ reflectance measurements were obtained for vegetation at this
site and are tabulated below, The grasses, at location 1 of figure B-o,
the area for which right of entry permits were available, were planted for
lawn cover not pasture. No blooms were present, nor were there any other
clues to make an identification. Molinari(l8) gives an excellent discussion
of commonly occuring grasses of the serpentine hills of Puerto Rico on
pages 102-112 of his text on grasslands, however, he does not cover ornamental
grasses. Reflectance readings were taken primarily to determine whether or
not major difference from the grasses of other areas were apparent. A

cursory comparison failed to show any such difterences.

TABLE B-26 IN SITU REFLECTANCL OF VEGHTATION LAS MESAS

Grass (rass Grass Gras:z Bamboo Coconut
Tall Tall Short Short Palm
A
10 1 1 4 1 3 2
15 4 2 o 4 [& 3
50 6 1 7 2 8 -
.55 8 9 11 11 16 7
. 60 5 5 11 8 17 8
.65 6 5 4 5 12 6
.70 8 13 11 1] 19 12
75 29 52 47 62 16 72
80 43 52 30 02 75 74
DATE 11729 127112 11,20 12714 12714 12714

B- i




7. DOS BUCAS  18°20'N - 0G°44'W

This site 1s in the west-central part of the island in the Rio Ahaio
torest. The topogruphy is typical of tropical karst, commonly referred to as
havstack hills. There are very few areas of deep soil. ‘Those which are
present are restricted to the battom of depressions and in general are of such

limited extent they are used only for crops or for pasture,

Une soll sample was ccllected for Jocation 1 on figure B-7. Robert's

.,

classiftices this s=oil as Lares Clay, red subsoil phase and gives a description
on page 271 of his repert. The laboratory reflectance measurcments tor this

301l are shown below.

TABLL B-27 LABORATORY REFLECTANCL OF LARES CLAY DOS BOCAS

a w,/0 cracks W/CTrachs
.30 7 4
K 11 B
.60 16 11
L 00 14 13

0 22 15
.75 25 18

R0 20 13
.85 20 ]
.90 25 7

LOCATTION 1 1

Bi-+dl
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Sample of the pink and white Ilmestone of the area were obtalned along
with a sample of diorite., Laboratory roficctanve measures were also taien

using these rock samples,
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Low rllumination lovels on both trips to this site preciuded the
' collection of any in situ reflestance data,
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N UTUADO  18716'N - 66430
this site 15 also in the west-central highlands, a few wiles south of
Dos Bocas in o Plutonic Rock (Tx Y arca.  There are slinviai depoedits of sand,
" +
1
Wa) a by product of the weatieoring process of the granitles at tae lower
clevations which are used for construction purpeses,  One such deposit is located
at position | on figure B-8, Roberts classifiecs this soil as Laracion sSaady
Loam (1) and describes 1t on puages 319-520 of Bls repert,  Briggs (207 describes
the deposits s alluvial materials (Ga). A sample of thils sandy foam was
obtalned from location 2 shownk on bigure B-5,  Also 1o the novtlwest along
route 111 in the granite arca, o land slide was observed exposing a medium-
sti{f red massive clav which appear related to areas of Joviva silty olay loam,
Surples were also obrained ut this location, hotfieoctunee measnr wonts wers run
it the laboratory.,
TABLE B3¢ REVLLCTANUL OF Sovbs gar A didabe

y SAND-ESTACTON (1) SAND-JAYUVA ]

4 4 t 3 10 S 24 24 29

15 ) 7 it il 1 31 31 30

B o 7 13 13 13 34 34 34

3 35 3 Q 17 17 25 23 A4 30
L0 10 11 21 21 31 48 49 55

oy
[ %
—
[
—
da
[0S
PN
ro
wn
[
—
(¥l
ta
't
s
(2
(0]

T 10 16 25 ey 38 55 57 61
°S 18 18 29 31 A0 58 G 64

<
ro
=
3
=3
(O3]
rJ
(93]
Py
-
Al
3
ol
o
wr

SAMPLE BAG BAG DRY DRY S BA BAG BAG
AL v A pn L g A N

B-d44

bl

Al




T ey

TO LARES T0 ARECIgD
(ROUTE 111) f

(ROUTE 10)

TO UTUADO

'igj (ROUTE 111)
S o

F TO ADJUNTAS i
(ROUTE 10) v

Figure B~-8 UTUADO SITE

e e T G R




i

i

TARLEL B30 REVLECTANCL OF LATOSOLIC 3011 AT UTHADD

~ ]
L 0
A hY
. N
v 1

Three in situ measures of sand reflectance were obtainred betfore rain
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curtailled data collection in the ricld,
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a, PALMAS ALTAS  I8Z20'N - po"33'W

PORALG 18727 - w12

Puring the inspoction of sites on

1

of S0l were acquired,  Une, a sample of magnotite sand ('p-Liackd from a
beach at Palmas Atas and the otiher o fine sand (Su-white)

205 reters to thlr o sael as beack oand dunce deposits

occurrenees ot m.‘lgm‘t;tc Mady he presci

June

ol

e,

twe other samples i

At A o

il Sk

from Dorvado,  Briges

i onoting venspicuous

Roberts (Iv) notes the deposit s

Il sand, (M'byoand notes the high percentiage of magnetite and the change to

& dark volor for this depasit

With respect to the fine white sand, Briggs classitles it as blanket

deposits {er1 with the road from borado west to Parcelas
¢ b

within this grouping. Roberts reports a variety of wWhite

this route,

of soil 1t would be identificd as Saint Sucie Fine sand
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fine sands along
Based upon the location from which woe acquired our surface samnle

(Suj. Ihe results
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laboratery retlectance measurements arce tabulsted below,
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1o, Ciinatodogy

The olimate of an envirenment plavs o omanor role in establisiang the
terrvain teatures which will occur i a specific environment, Boberts {Jo)
provides a brief but meaningtful chapter on the climate of Puerto Rico, inciuld-
g speviile relationships between vegetation occurrence and climate, antial

adiprion and ¢limate, soil color and climate and yace distribution aand climate,

such relationships are very important to the geologist, geoprapher,
soil ongineer, forester amd many others in ecstablishing the reasons for specifg
terrain feature occurrences,  do the image interpreter of remote sensor data
these relationships are also important, because with pricr knowledge of the
climate of an cnvivomment he is psychologicully conditioned for the recognition
of images related to the climatoleopy.  Without prior knowledge, recognition of
spociflc terrain foatures unigace te particular climates conditions cstablushes
the climatology of the arca under analysis. Unfortunately, resvarch to establish
redined, guantitative relationships between climatology and terrain features
has not been glven backing vonmensurate with its jmportance with respect to

remote sensing,

Thornthwaite (21) artempted to gquantify climate in terms of a4 climate
Tneex anvelving voc ratio of mean meathly nercipitation to mean monihly evapora
tion. WQuisti and Lopez (JMI) attempted to correlate annual stream flow to annual
railfall with this climates index for several rivers in Puerto Rico,  Although
the results did not show pertfect correlation they were encouraging.  More of
this type of quantitative climatic research is necessary in order to derive
the remote sensing techniques which will aliow an interpreter to evaluate the

climatology dirferences between arcas from »emote sensor data,
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1. INTRODUTCTION AND STHMMARY

Io collect the spectral aerial photography from which to derive, quantit-

atavely, the spectral reflectance of ground obiects from image densities, an
acvial camera 1s required that reliszbly recerds image density from frame to
frame and across the fermat of a single frame. Under previous prograns, CAL
showed that several acrial cameras with focal plane shutters could not be used
to coll % spectral data because of very large, non repeatable crrors in the

shutters peed.

The Itek Multiband Camera, Model (02, which was to be used to colivet

thc required spectral filis, has o focal plane shutter, with =« slit for cach
of the nine lens positiens in the camera. Thererfore 1t was necessary 1o
evialuate the perfermance of this shutter. This was accomplished on 25 July
1968 at AFCRL by personnel from the Terrestrial Science Laboratory (URJTH

and from CAL,  Data were acqulred to evaluate the unitormity of the shutter
speed dcross the 7u-mm tformat, the repeatability of the shutter on consccutive
exposures and the transmission characteristics of the lens,/fiiter components.

This appendix documents the results of the UAL

of tiic test data.

As expoctea, svstemaric dirferences in shutter speed occuring noross

the furmar were pt, dhewover, these differences are repeatabie with o one
Sigma auviation of 0% o leos of the mean,  ithoush surficient data were

not obtainced to p.ove that the errors for the (/o0 and 1/120 of a sccond
sveeds would be the same order of magnitude as for the 1/30 of a second speed,

the duta which was obtained suggests this was true.

Two camera provlems were alsas noted during this analvsis. First,
light leczks occur on the first frames of a sequence and on all single {rames
exposced manually.  Secoad, parallel lines (light) appear on the infraved file
used 1n the channel for frames 7, 3, 4qnd 9, which are belicved to be related

to the pressure of the vacumn back or rellers,




On a previous program CAL derived the reflectance of ground objects

from spectral i lm deasitics with a precision of I 0-7% of the

mean value of
retlectance. The repeatability of the shutter speed for the aerial cameras
trod was on the order ot 785, Therefore it is cencluded that the Iteh Model
il Multil and camers, with its f0% or less shutier variation can he used to
collect meaningtul spectral data, but that the resultant measurements of
groand object reflectance will be less precise than measurements made by

CAL on previous programs.

The details of the tests performed arce discussed in the following

sections,
1.1 BENCH TLESTS

The test preocedure for determining the shutter speed of a focal plare
shutter with respect to position across the film plane 1s to photograph a

rapidly eveling calibrated 1ight source. The position of the slit in the

focal plane shutter will be recorded on the film cach time the light flashes.

The scparation orf two adiacent slit images multinlied by the cyeling
rate of the light source is the average lincar speed of the slit for the
sclected format position.  the shutter speed (i.c., the time interval over
which the Fidmoas exposed in normal camera use) is the width of the slit

divided by 1ts dlincur speed,

The test procedure for determining the relative loss in transmission

across the format is to photograph a uniform light source located close

tu the front of the lens., A line across the format, perpendicular to the
direction of motien of the shutter, is at a constant shutter speed, (l.e.,

all points along suckr a line are exposed for the same time) therefore the
differcnce in densities are a functicn of the transmission properties of the

lens and filter only,




1.2 TEST PROCEDURE

The Itek Y-lens camera was set up on a bench in a laboratory at AFCRL.
Windows were partially covered to reduce the ambient light level in the
laboratory. A strobe light (Strob-a-tac) was placed on the bench at the side
of the camera and aimed uat a 30" x 40" white composition board placed in front

cf the camera about onc foot from the lenses.

Starting at a shutter speed of /30 of a sceond and an f/number of
f/2.4, a series of fiwve expesurcs were taken. The composition btoard was
removed and a uniform light arce was placed in contact with the lenses and
a series of three exposure: 3aken, The f/number was changed to /8 and a
second serles of exposures were taken with the composition board in place.
This precess was repeated for an f/number of f/22 and shutter speeds of 1/60
and 1/120 of a second. For the 1/120 of a second exposures, the cveling of

the strobe was increased from 1200 cpm to 2400 cpm.

The three rolls of 70-mm film from the camera were processel ty CRIT
personnel in a Morse B3\ rewind type processor. Rodak [-19 chemicals and an
appropriate processing time were used to obtain a fiim gamma of 2.0. Tlhe

films were then brought to CAL for analysis,

Lacii frame used to determine shutter spceds was scanned on CAlL's
nodel 1140 Mann microdcnsitometer using a slit aperture (1 mm x 20 microns).
Because the focal plane shutter is on the crder of 1/4" away from the film
plane, the edges of the slit images were not sharp. Therefore, the criterion
of locating the slit edge at the half-peak power point of the densityv trace
was used to establish the points for measuring slit widths and cvcles. Frames
which were grossly overexposed were not used because the cdges were broadened
by the over-exposure. Four consccutive frames weie used to determine the
repeatability of each shutter in 5 to ¢ positions across the format. One
frame and eight lenses were used to check the deviations between lenses at
scveral positions in the format. Standard deviations were determined for all
results.,

C-4




1.5 PATA ANALYSIS AND RESULTS

1.3.1 liensity for Shutter vaviations

The quantitative analysis to be used on this ARURL Proioct {iLRRAVAL)
begins with the measurcement of the densities of the images of interest on all
nine filtered films ot the lten camera, A model 1140 Mann micredensitometer
with a measurcement accaracy of 20,02 in density of #53% in transaission will be
uscd.  Without the calibration tests which have been pertformed one would jave
to assume that the exposurcs for the Y-1 lenses were equal for any indicated
shutter speed and for any position acress the {format, A Tabie U-1 shows, the
average shutter speed for the nine lenses had deviations as large as #2075,
such a deviation would introduce « density error eof 0,08 times the gamma to
vhick the film is processed. For Pfroject TERRAVAL, we anticipate processing
te a ecamma of +2.0 which wonld result in o density error of #G,1G, Lrrors in
terrein reflectances derived from sach data would be of questionable utility.

vherefore, to reduce this error cach lens/shutter svstem reagtires calibration,

Table C-1
AVLEEAGE SHUTTER SPEED ACROSS FORMAT

Indicated Shutter Speeds

Format
Position” 1/30 (0,033
0.
0.

3 sec; 1700 (0.016 scc) 1720 (0.00833:
(.0300 +18% .- --

0 9% -- -
0.00890 +065%
0.332 #£12% -- —

0.016!
0% 0.0167
0% - 0.00844 +95%

0.0165 -
0.331 #15% -- 0. 00841 +0%

0.0174 £225% --
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Table C-2 shows the mean shutter speed for cach lens position, derived
from four consecutive exposures for five to six positions in the 70-mm film
format. These data are shown again in the histogram of ligure 1. 1 38 of
the 46 (87%) measurements made, the deviation is ¥0% or less. Five of the
elght remaining measurements were obtained from the extreme edges of the
film format where large errors are likely becausc lens transmission falls off
drastically making it difficult to measure slit widths and cycle distances
accurately from the microdensitometer traces of the test films. Because the
majority of the deviations are Z6% or less and because the large deviations
occur in at the edge of the format, it 1s concluded that the repeatability of
the itek 9-lens camera shutter at 1730 indizated speed is fh% or better over

most of the T0-mm format.

The question now arises as to whether or not the repeatability is
valid for the 1/60 and 17120 indicated speeds. As Table -1 shows, there
appears to be a slightly larger variation in shutter speeds at 1,60 of a
second and siightly less variation at the 17120 speed. The majority ¢f the
test films fer the 1/60 and 17120 shutter speeccs were undevexposed and there-
fore a compliete analysis, as given th. 1/30 shutter specd, was not possible.
Lens No. 2 however, did have reasonablz exposure: at all shutter speeds. This
wias because the lens was not filtered and the film In that position was Plus-X
Aerecon which has a dynamic range adequate to accommodate the factor of 4.0
difference in exposure “ctween the 1/30 of a second and 1/120 of a second.
Table C-3 compares the shutter sp2ed resulls for Lens No. 2. Because the one
sirma deviations for the 1,60 and 1/120 results are =¢% or less, it is con-
cluded that the repeatability of the shutter is I6% or better at the three
indicated shutter speeds of 1/30, 1/60 and 1/120 of a secend. In terms of an

image density error, for film developed to a unit gamma the =

6% deviation in
repeatability means a %),025 density variation which is very close to the

precision ¢f the microdensitometer, in 0.020 in density.
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Table €C-3

COMPARTSON OF LENS No, 2 SHUTTER SPEEDS (IN SLCONDS)
MEASURIMIENTS - 1730, 1700, AND 17120

Indicated Shutter Speeds

Format™

position 1730 10.0333 sce) L7000 (0.0107 sec) 1/120 (0.00833)
0.3 0.0287 +10% _- -
0.6 N.0208 #5% 0.0185 65 0.00025 105
0.9 0.0325 td% -- 0.00953 4%
1.1 -- 0.0192 5% -
1.3 0,0315 $3% -- --
1.6 0.0317 £4d% -- 0.009)0 1%
1.9 -- 0.0196 4% 0.00888 +3%

Distance in inches from edge of format for fiim :cveloped to a unit
gammia, the +6% deviations in repeatability means a x0,025 density
variation, which is very close to tie precision of the microdensi-
tometer, i.e., 0,020,

1.4 CAMERA OPERATIONAL PROBLEMS

-~

Figure C-2 shows tihe first set of simultancous frames taken during th

()

beneh test, at a shutter speed of 1/30 of a second and an f/number of 2.1.

The very white images of frames 1, 3, 5, 6, 7, 8, and Y are the results of cne
or morc light lcaks in the camera. This pattern occurred in 40 out of 80
frames taken. The 10 frames on which the pattemn cccurred were cither exposed
one at a time (uniform light source photos) or were the first frame in the
series of five frames for shutter tests., This suggests that the light leak
occurs only on the start ¢ycle and not on the recvele. 1t was recommended
that this light leak be found and repairs made in that short passes were
cxpected to be used during the tests in Puerte Rice which could result in the

loss of valuable data from the light leak.

=9




Figure C-2  LIGHT LEAKS N MODEL 002 MULTIBAND CAMERA

C-10
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It was also noted that the frame counter for frames 7, S and 9 tailed
to operate and the counter for frames 1, 2 and 3 Jdid not function proyerly.
The correet marking of frames is essential in that ground pancls for identifi-
cation are not feasible at the scales to be flown in Tuerto Nico. lTherciore,
it was also recommended that tivese counters be repaired and spares be carried

to Puerto Rico for ficld repairs, if necessary.

Finally, four parallel lines in the direction of 1:ixnt were notoedl
on tiie infrared film,  These lines were light in tone, but were not scratches,
Lt appears that these lines are pressure marks cither related to the vacuun
back or the transpert roller. In cither case they would have a significant
effect upon the measurement density for images in these locations., It was

thierefore recommended that maintenance be undertanen to eliminate these lines.

Because of the requirements for the use ef this camera on other
projects prior to its use in Puerto Rico these repairs could not be made.
llowever, being awvare of the light leak, the AFCRL fiight crew turned the
cieras on ecarly to aveid loss of data over the target arca.  since the
quantitative analysis of the $ilms has been of linmited extent, no difficulry
has been encountered because of the counter probler or the lines on the intra

red film.
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L, CONCLISIONS AND RLCOMMLNT AT IONY

The Ttek, Model 002, 9-lens camera ¢an be used to takhe riltered aerial

photographs with which to conduct i meaningful quantitiative analysis to

derive ground object reflectance although the precision
could be scheduled. It 1s rocommended that only images
shutters located 0.2 inches or further past the leading
format be used for densitometric analysis to reduce the

may be introduccd by the shuttor in the tirst 0.2 inches

C-12

will be less than
with between the lens
edge of the film
large crrors which

of travel.
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1. INTRODUCTION

AFCRL has an infrared sensor (MIAI) which records data for determining
the relative radiances of terrain features in the 3 to 5 micron region of the
spectrum, from image densities on film., To perform a densitometric, quantitative
analysis of terrain feature radiance in this band, a control procedure similar
to that used for the visible and near infrared portions of the spectrum is
required. This appendix describes a control procedure that can be used to
derive quantitative Jdata con the radianc2 of ground objicct in the 3-5 ricron
bund. The control procedure coasists of utilizing ground control targets,

a signal generating device in the aircraft and a technigque to velate image
densiry to radiance at the detector. bLecause of difilculties encountered in

the ficld inadequate sensor data was obtained to vaiidate properly the precedury,
by 4 quantitative analysis of natural earth object radiance. However, the

limited data reduction performed suggested that the procedure 1s valid.

Had v-degua e data been collected additional methodology is provided
for obtaining mecasurements of ground object emissivities and surface temperature

from the {1lnm image densities.
2. THE PROBLEMS

The basic process of obtuining quantitative values of object radiance
trom measurements of the density of imagery obtained using a remote detection )
device is similar whether the device operates in the visible, near infrared
or far infrared portion of the spectrum. The remote sensor collects a part
of the energy (reflected or emitted) coming from the object which is then
translated to an image of specific density on film, 7o complicate the
problem, the relationship between t. : radiance sensed by the remote detector
and the resultant density of the recording film is difficult to determine for

the following reasons.

h=2




2.1 NONLINEARITY

The remote sensor is composed of five basic components each of which
dffects the density of the recorded image. Figure 1 is a block diagram of a

! typical infrared scanner., The first concern is with nonlinearity 1n the last

three components,

Edl

— DETECTOR PREAMPLIF IER AMPLIFIER CRY CAMERA }—» D

Figure D-1 BLOCK DIAGRAM COF TYPICAL INFRARED SCANNER

An aggravition to this problem is that changing altitude, or time
of duv a mission is flown or flving over terrain of extremely different
average radiance properties requires that the non linear transfer functions of
the amplifier, <RI, and cawmers be manualls changed. Fortunately, once set,

the combined transfer function for all three parts will only change slewly

' with time.
i 2.2 CONTROL TARGETS

A second difficulty is that of calibrating the control targets. In
order to discuss this properly, we must first review the fundamentals of
target radliance. The review 1s of special intci~st here as applied to control
targets, but may be applied to any target.

The total radiance (watts/unit solid angle/unit projected area) of an
object at a given temperature (1) over the electromagnetic spectrum is given

Ly tne cquation

o
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assuming the surface of the obiect is diffuse

where

€, = object emissivity
A
f55 = radiation of a black body at the same temperature as
5, . . .
the object (watts/unit area/micron)
24 = object reflectivity
'Nz = irradiance on the obijcct (watts/unit arca/micron)
A = wavelength

It *n the wavelength region of interest (3-35 . tor the MIAI scanner)
the emissivity of the objects of interest is neariv censtant, an average value
€ can be assigned for the emissivityv. The reflectivity of an objecct must
therefore also be nearly constant in that Kirhoff's Law states that reflectivity

1s cqual to one minus emissivity (p=-¢). Thu= tquz ion 1 reduces to:
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Now then, the integral of Y5574 1s merely the areu A;E under the black body
radiation curve for a specific temperature over the 3-5 micron spectral region
and the integral of # L&A is the area ( A; ) under the irradiance curve (alsc

in the 3-5 micron band) so that Equation 2 can be written as:

(-’
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Thus the radiance which a remote senscor detects in the 3-5 micron
region of the spectrum is a function of the object's average emissivity (and
retflectancel, its temperaturc, and the total energy falling upon its surface
in the spectral band considered. Although black body radiation curves are
known and the average surfuce temperature of ground obiccts (control targets)
can be measured, instrumentation for measuring irradiance in the 3-5 micron
region of the spectrum is costly. Thus tiic emitted component of the control

target radiance may be known but not the reflected.
2.3 bC LOSS

The preamplifier hias a time constunt on the orler of a few scans of the
detector, so that the bias is automativally adjusted thus heeping the bright-
ness of the CRT spot within the dvnamic range of the recording film. One may
tiiinkh of this as anr automatic exposurc control on an scrial camera. Because
of this, the absolute densities of images do not relate directly to the
ahsolute radiances ot the cbjects. Although a pleasing, well exposed picture
1< produced, this problem is by far the greatest deterrent to using present
scanners for quantitative analvses. It is true that scparate recording of
tiic D.U. level would climinate the difficulty, but this would require major
modi fications to the scunner.

3. THE SOLUTIONS

Basically we must relate film density to ground radiance in order to
use the remote scnsor data to measure terrain emissivity, reflectivity or
temperature.  As with the multivand camera, this can be accompiished by
determining the transfer functions cof cach individual sensor component, and
cexternal attenuatiens, or more simply by using 4 relative analysis of the
unknown to a known object radiance on the ground. The latter app.>ach is
preferred because 1t 1s inherently simplier than the former. In either case,
the transfer function between radiance at the detector and film image density

must be detcermined.
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The problem of nonlinearity is sclved by use of a calibrating signal
generator, the control target problem is solved by use of three rather than
the customary two control targets, for photographic systems and the D.C. Joss
is solved by use of a grass substandard, as described below,

3.1 NONLINEARTTY

We built a signal generator for the MIAL scarner which could be
plugged into the amplifier in place of the detector and preamplifier to
generate 4 density step wedge on the film output., This gencrator is described

in Appendix E,

The step wedge which should have preceded cach datra pass, was to be
scanncd on microdensitometer to obtain the transfer function between pre-
amplifier voltage output (or video amplifier input veltage) and film density
for each pass. Because tie lens of the recording camera hias a transmission
loss from the on axis position to the format cdge scverzl microdensitometer
scans werc to be made to obtain the transfer function as a function of image
off-uxis position in the format, The true shape or this furctiuvn could not
be established preciscly, because the step wedge generator was not utilized
on a sufficient number of flights during the tests. tHowever, Figure 2 has

been included for illustrative purposes.

ON AXIS
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Figure D-2  ILLUSTRATIGN OF ReDUCED STEP WEDGE DATA
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The density of the image of any target may be measured and the pre-

"

amplifier voltage determined from the appropriate curve of figure D-2 above.

L2 CONTROL TARGETS

(#3}

At the site of the ground reflection panels for the multil-pand camera,
we constructed two 20 footr x 20 foot x 4 inch water travs, onc of which was
heated.  Also a 20 foot x 20 foot aluminum target and a dense grass target were
constructed. By usc of the water and aluminum target densities and the pro-
cedure indicated below, the radiance of any target which lies 1n tne same scan

as the control targets may be found.

The measured radiance of an object can be expressed* as follows:

Feoal, s R, (5
where +~ = the voltage output of the preamplificr
« = a constant
and 4§, = a radiance value which is dependent upon the past

history of the 1adiance level sensed by the
scanner,

Thus, we have tlie following set ot equations:

=) = 1L

ﬁ; [=4 v, R;

R = & i+ R
& [74 [

? s ay R
AL AL o

where the subscripts H, u, ard AL refer fo heated water, unhcated water, and
aluminum, respectively. The voltages are determined from the Jdensities using
figure D-2 above. So long as the three control targets arc all in the same

scan lines & and £ are the same for all three equations. From Lquation 3

* Tests using the 3-5 micron detcctor and preamplifier of the CAL Bendix

scanner suggests this cxpression is quite valid.
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From a measurement of the surface temperatures of the heated water target, the
unheated water target, and the aluminum target, the black body radiation
values are determined from the black body radiation curves (i.c., Aesﬂ’ ﬁaau
and 4a8,, ) for each of these temperatures., The emissivity of water is
approximately 0,98 across the 3-5 micron spectral region and that for aluminum

1s approximately 0.02. Equating the two sets of equations we have:

. v N
[5 S / = — & A + Ty e
'H‘,‘?O ‘7 l (aey f( "?HJ
. A fy Ay 5]
aPuff’?a-//:L€ﬁ68af\/ € 4HJ '
a v R = L rf A +i7- &£ 4 1 .
e TN T m L% Yss,, M |
The unknowns are 4, , & , and &« . The three equations can be solved
(2]
simultaneously for these urknowns, By substituting both £ and « into the first .

set ot cquations the Radiances of the targets can be plotted as a function of

the output voltage of tnec preamplificr, as shown in Figure D-3, selid line,

v
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a Ve
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1 e
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—
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OUTPUT VOLTAGE PREAMPLIFIER

Figure D-3  RADIANCE-VOLTAGE CALIBRATION CURVE




Thus, for any target in the same scan as the water and aluminum targets,
the radiance may be found by (1) measuring the density of the image, (2) deter-
mining the voltage from Figure D-2, and (3) determining radiance from

Figure D-3, solid line.

3.3 D,C. Loss

For any other terrain feature of interest in the scenc, but not on the
same scan lines as the control target, the RO factor of Eguation 5 may well have
changed considerably. Therefore, a constant radisnce target 1s necessary
running throughout the length of the area of interesst, A smull stream or
crech would make an excellent target, however these arce generally not prescent,
In natural terrain grass 1s generally present over the cntire area of interest.
If a4 multi-band camera system is flown simultancously witir the infrared
scanner the vigor and percentage of grass cover can be ovaluated by measuring
the reflectance properties in the near infrared and the red portion of the
spectrun, Those images having the same jroperties in these bands can then be

selected for ase as standard targets for tue far infrared.

The density of the image of the grass arca within the same scan linces
as the three control target are now measured and the corresponding veitage

obtained from the appropriate curve of Figure D-2. Frem the density of ima

ges
of similar grass areas ia other scans on the infrared reccrd, the apparent volt-
age output of the preamplifier can be obtainred from the apprepriate calibration
curve of Figure I-2, By using the differences in voltages for these grass
samples to adjust the voltage values derived from the film densities of any
other objects of interest in the same scan lines as the remote gruss area, the
radiances for these objects can now be :determined dircctly from Figure D-3, the
Radiance/Voltage output caisbration curve for the data pass. Thus the

procedure for obtaining the radiance of terrain features in the threc to five

micron spectral band is complete.
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4, SOIL PROPERTILS AND FAR INFRARED RADIANCE

Investigators, using a qualitative analysis, namely interpretation of
far infrared records, have observed film density differences in terrain
features of interest. They have attributed these density differences caused
by total radiance dJdifferences, to temperature or emissivity differences between
the terrain features. This practice is highly arbitrary, in that very little
is known about the emissivities of terrain features, and the irradiance at the
time sweh films are recorded, The quantitative analysis approach aliows us to
investigate the contributions of cmissivity, reflectivity and irradiance to
the total radiance senscd by the scanner, with a minimum of assumption neces-

sary .
Emissivity Measure

To obtain an emissivity measurc of a terrain featurce in the scene, we
must measure the average surface temperaturce of the fearurce. This can be done :

with a radiometer or surface thermistors,

We must assume that the irradiance on the feature is equal to that on
the standard prass target, which should be quite valid provided the two arc in
close proximity on the ground and no cloud shadows arc present., We can deter-
mine the absolute level of the irradiance (4,' as described previously. It
is now possible to measurce the terrain featurces cmissivity using the following

equation.

4
~, A
€= r (6)
4}98 4

where

®_ = the radiance of the featurc derived .
from its image film density
A, = the drradiance Jderival from the densats

of the image of grass control target

p-lo




228 = the black body radiation derived from the bluck
body radiation curve for the appropriate

temperature
a, TEMPERATURE MEASURE

To obtain the surface temperature of a terrain feature we must have a
measure of its average emissivity,  This can be obtained hy seloecting several
samples of the terrain feature of interest in the field and using the procedures
descoribed above to meisure an average emissivity trom fion Jdensity values,

Using this average emissivity value for the terrain feature °f interest, the
value of K, derived from the density of the image of the grass control target
and the total radiance of the feature derived from 1ts image density, the
black body radiation of other cxamples of the same type of terrain feature can
he computed from the following cquation:

- 4

= ——— o4 —~-
58 4;;? -4 ld ‘.‘ )
7 27
Black body radiation curves can then be used to dotermine the surface temper-

ature of the feature,
Moisture Lffects

Of particular importance with respect to terrain sensing in the far
infrarced spectral region is the theory that s0il moisturce content can be
cvaluated from records taken at different times of the day. The rate of
change of temperature for a molst scil should be different from that of a less

moist soil because of the differences in the specific heats of the soils.

Depending upon the precision with which the temperaturce measurce of a
so1l surface can be obtained from the procedure described above and the
mignitude of the change of surfuce temperature which will occur between a pro

and post sunset mission it would be feasible to investigate this theory from

n-11
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the data to be collected in Puerto kico, However, hecuwse of a problem
encountered by tie air crew on applying the step woedge to the film before

each pass, suitable data for the analysis were not acquired,
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SIGNAL GENERATING CALIBRATOR

The calibrator is a solid state pulse generator which can be triggered
by an exteinal negative pulse. Trigger amplitudes may vary betwecn o and 20
volts, The output is a selectable positive or negative going pulse whos: full
scale amplitude may be varied between 10 millivolts and 200 millivolts. A
decade precision attenuator is included to obtain 0.1 full scale amplitude

increments,

Figure 1 shows a schematic of the unit, The output pulse has a nominal
pulse width of 2.5 milliseconds, and peak amplitude ot 4.0 volts, as shown in
Figure 2, The pulsc width may be varied to any width between 10 sec and
2

2.0 sec., The unit uses a self-contained battery supply which hus an operating

life in excess of 10 hours,

Because the calibrator will be used as an input to & capacitor coupled
video amplifier, the output of the video amplificr will be corrupted by the time
constants in the coupling networks, and a droop in the pulse will exist. he
amount of the droop renresents the degradation >f the video signal guring a one
half scan line period, and will result in a changs in the gray level over tihc

half lirc jericd.
Operation
To usc the calibrator, proceed as follows:

1. Connect the desired trigger signal to the TRIG, INPUT of the
calibrator.

2. Connect the calibrator 0'.7UT to the input of the vidco

amplifier.




Turn calibrator power to ON position.

Set output polarity switch to the desired output polarity,

{(+ or -),
Set attenuator to full scale position, 10.0.

Adjust lcvel control to obtain the desired full scale outpurt,

as observed on the monitor scope.

Instiate calibration routine (start camera, ctc.), then decrease

attornuator from 10,0 to O in cqual time increments.

When calilbration has been completed, turn power OFF and

disconnect calibrares,
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